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Welcome 


It's been an incredible year — how can we pick one highlight? 


recounts the 


drama of 
é the ‘right 

way’ to crash 
a spacecraft — Rosetta’s 
final descent to duck-like 


comet 67P. Page 33 


Martin Lewis 


Astrophotography expert 


Wye Having 


images? 


| trouble with 
§ noise in your 
= planetary 


There’s much to keep 

‘ astronomers away from 
the night sky at Christmas, 
but if you do get a chance 
to enjoy the extra hour of 
darkness at the telescope, 
you'll find just the targets 
to aim for this month. In 
the new Challenge section on page 61 of our 
expanded Sky Guide, Pete Lawrence has a few 
festive targets for you to hunt in the form of 
12 of this season’s reddest stars. Meanwhile, 


Martin shows us how to —- Paul Money takes us on a tour of the treasures 


rescue lost detail when 
all else fails. Page 67 


Chris Lintott 


Sky at Night presenter 


Chris 
- races to 
: the defence 


of dark 


| 


(W energy, the 
very existence of which 


within the winter constellation of Orion on 
page 44. There’s something for every size of 
aperture here, from binoculars (and even the 
naked eye) to large Dobsonians. 

Gazing up at the double stars, nebulae and 
galaxies in the tour, it’s a good time to cast your 
mind back and reflect on the year, during which 
there have been some remarkable developments 
— remember Planet Nine, Proxima b and the 


is now being debated by discovery of gravitational waves? On page 39 


astronomers. Page 14 


Emily Winterburn 


Astronomy historian 


Emily 
reviews 
Mistress 


the life 
story of 19th-century 
instrument maker 


Janet Taylor. Page 102 


Sky Night 


TELEVISION 
Find out what The Sky 
at Night team will be 
exploring in this month's 
episode on page 17 


of Science, 


Elizabeth Pearson covers the pivotal events of 
2016 and brings the developing stories right 
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up to date, ready for the new year. It would 
be remiss to mention major events and omit 
the Rosetta mission, and on page 33 we’re 
looking at the spacecraft’s final ‘soft’ landing 
on its comet quarry, and the trove of 
science data that this generated. 

Season’s greetings, and enjoy the issue! 


Chris Bramley Editor 


PS Next issue goes on sale 22 December 
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to the 


source 


These two cosmic clouds in the constellation of 


Orion are’back-lit by bright stars far beyond them 


VISTA TELESCOPE, 5 OCTOBER 2016 


The next time you stare at the constellation 
of Orion with the naked eye, think of this 
image of reflection nebulae M78 and NGC 
2071. All this activity is occurring just above 
and to the left of the three stars that form 
Orion’s Belt. Reflection nebulae are made 
visible by the heat and energy of young stars 
illuminating clouds of gas and dust, resulting 
in a beautiful glow. M78’can be seen on the 
left of this image, while NGC 2071 is the 
cloud on the right. 


Even if we could observe this region with 
our own eyes, most of what is shown here 
would be invisible to us, as the stellar light 
would be blocked on its way to Earth by 
thick swirls of space dust. However, this image 
was captured with ESO’s VISTA Telescope, 
which is able to see through the dust due to 
its near-infrared observing capabilities. As a 


result, the telescope reveals the stellar sources 


of the reflection nebulae: three supergiant 
stars. At the centre of M78 are HD 38563A 


and HD 385638, and at the heart of NGC 
2071 is HD 290861. A multitude of young 
blue stars surrounds the nebulae. Cooler red 
and yellow stars that have just begun to form 
will eventually grow in intensity to become 
like their blue companions, keeping M78 and 
its neighbour shining brightly. 


A gallery of these 
and more stunning 
space images 


ESO 
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< Planetary beginnings 


ALMA, 3 OCTOBER 2016 


Scientists used ALMA to capture this image of a spiral-shaped 
protoplanetary disc around Elias 2-27, a young star 450 lightyears 
from Earth. Protoplanetary discs coalesce around infant stars and 
contain the materials out of which new planets may eventually form. 


V The secrets of stellar evolution 


HUBBLE SPACE TELESCOPE, 17 OCTOBER 2016 


The evolution of a star is thought to depend largely on its 

mass, meaning the chance to study stars of the same age offers 
an opportunity to compare how mass alone affects stellar 
development. NGC 299 appears in the southern constellation 
of Tucana, and is an example of an open cluster. These clusters 
contain numerous stars of various masses, all of which 

formed about the same time from the same cosmic cloud. This 
makes them ideal laboratories for astronomers to study how 
each star’s mass has influenced its development. 


B. SAXTON (NRAO/AUI/NSF); ALMA (ESO/NAOJ/NRAO), ESA/HUBBLE & NASA, ESO/VVV SURVEY/D. MINNITI, 


NASA/JPL-CALTECH/SPACE SCIENCE INSTITUTE, SOLAR DYNAMICS OBSERVATORY/NASA 
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Building blocks of the bulge? 


VISTA TELESCOPE, 12 OCTOBER 2016 


This image of the centre of our Galaxy was captured as part of ESO’s Variables in the Via 
Lactea survey, which is mapping the Milky Way’s central bulge and southern disc. In this 
field of view astronomers were able to detect several RR Lyrae stars. These stars are usually 
found in dense globular clusters, and their discovery suggests that the Galaxy’s central 
bulge was created through the merging of globular clusters. 


A Reflective rings 


CASSINI SPACECRAFT, 11 OCTOBER 2016 


Saturn remains in shade while its rings are bathed in light in this 
image, captured by the Cassini spacecraft some 1.4 million km away 
from the planet. In the bottom left of the image, Saturn’s shadow 

lies across the planet's rings, while in the bottom right the planet's 
surface is seen illuminated by light reflected by the rings. 


V Solar outburst 


NASA SOLAR DYNAMICS OBSERVATORY, 4 OCTOBER 2016 


A solar prominence rises from the surface of the Sun on the right side 
of this image. The red loop is an ejection of ionised gas known as 
plasma that flows along the Sun’s magnetic fields. When the magnetic 
structure becomes unstable, the plasma bursts outwards, creating 
magnificent twists that can stretch into space for thousands of 
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Bulletin 


The latest astronomy and space 
news written by Elizabeth Pearson 


Front heatshield 


B) 


Schiaparelli 
impact site 


Parachute 


NASA's Mars 
Reconnaissance Orbiter 
has revealed what's 
believed to be the 
lander’s impact scars 


ESA's Martian 


MISFORTUNE 


The agency's Schiaparelli lander met an explosive fate 


Rear heatshield 


decelerate from 
21,000km/h to 10km/h 
to land safely, and it was 
designed to achieve this 
using a parachute and 
retrorockets. However, 
the parachute ejected 

a minute too early and 


ExoMars mission, 
crashed and exploded. 
The planet’s thin 

atmosphere makes 
slowing a spacecraft 
down to land on Mars 
notoriously difficult. 
Schiaparelli needed to 


The curse of Mars has 
struck once again, as 
ESA’s attempt to place a 
lander onto the Red 
Planet ended in disaster. 
On 19 October, the 
agency’s Schiaparelli 
lander, part of the 


BULLETIN DECEMBER 11 


14 CHRIS LINTOTT 


16 LEWIS DARTNELL 


Our experts examine the hottest 
new astronomy research papers 


the thrusters fired for 
only three seconds 
instead of 30 seconds. 
The lander hit the 
surface at around 
300km/h, and with its 
fuel tanks still full it is 
likely that it exploded. 

At the time of writing 
it’s thought that a 
computer glitch made 
it appear the lander 
was closer to the 
surface than it truly 
was, causing the 
landing systems to 
end prematurely. 

Half of all missions 
bound for Mars have 
ended in failure, but 
ESA does not consider 
this to be one of them. 
The main goal of the 
ExoMars mission was to 
put the Trace Gas Orbiter 
into orbit around Mars, 
which was successful. 
The lander part of the 
mission was intended as 
a test run for a follow up 
rover mission in 2020. 

“The EDM 
[Schiaparelli] has entered 
the atmosphere of Mars 
and most importantly 
we have collected all the 
engineering data that 
the EDM has produced 
from this phase. If you 
have a test it can go well 
or wrong, but the most 
important thing is to 
collect the test data, and 
that is successfully what 
we have done,” said 
Andreas Accomazzo, 
head of ESA’s solar and 
planetary missions division 
at a press conference 
following the crash. 
> See Comment, 
right 


COMMENT 
by Chris Lintott 


Tests of complex systems 
often go wrong. That's ok. 
That's why we do tests, 
and unlike Beagle 2, 
Schiaparelli transmitted 
right up until disaster 
struck, returning data of 
immense value to the 
engineering team. 

The landing system 
built for the next mission 
is substantially different 
anyway, and there will 
be few in the ESA Mars 
team whose confidence 
will be seriously rocked 
by this setback. But 
there are plenty who 
fear that the political 
ramifications of this 
unexpectedly violent 
end to Schiaparelli 
will be enormous. 

The ExoMars lander 
needs a few hundred 
million extra euros to get 
off the ground, and the 
begging bowl is due to be 
passed to the politicians in 
December. Spectacular 
photos of a scarred crash 
site are not the best 
advertisement for a space 
programme, and for all 
the success of Trace Gas 
Orbiter it remains to be 
seen if Europe’s politicians 
keep the faith. 


CHRIS LINTOTT co-presents 
The Sky at Night 
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NEWS IN 
BRIEF 


PROXIMA HAS 
STARSPOTS 


The latest X-ray imagery 
of our second-closest 
star, the red dwarf 
Proxima Centauri, has 
revealed that it has a 
seven-year cycle of 
starspots similar to that 
of our own Sun. During 
the cycle’s peak, up to 
20 per cent of the 
surface was covered 
in starspots. 

“The existence of 
a cycle in Proxima 
Centauri shows that we 
don’t understand how 
stars’ magnetic fields 
are generated as well 
as we thought we did,” 
says Jeremy Drake of 
the Havard-Smithsonian 
Centre for Astrophysics. 


e 


NEW MOONS 
FOR URANUS 


Two new moons may 
have been found around 
Uranus thanks to images 
taken by Voyager 2 in 
1986. While examining 
the 30-year-old photos, 
Rob Chancia from the 
University of Idaho noticed 
periodic variations in 
the planet's rings caused 
by the tug of two 
unseen bodies. 

“We haven't seen 
the moons yet, but the 
idea is the size of the 
moons needed to make 
these features is quite 
small, and they could 
have easily been 
missed,” says Matthew 
Hedman, also from the 
University of Idaho. 


THE UNIVERSE 


is a crowded place 


Known galaxies could be just one-tenth of the true number 


The Universe is much more crowded than was 
formerly believed, and could contain as many as 
two trillion galaxies. Up to 90 per cent of the 
galaxies in the Universe could have remained 
hidden until now according to the latest deep-sky 
survey census created using NASA’s Hubble Space 
Telescope and other observatories. 

The team created a three-dimensional model of 
the Universe from a comprehensive analysis of 
several different surveys to understand how galaxies 
are distributed throughout cosmic time. They found 
that they were not spread evenly and that the early 
Universe was far more packed than it is today. 
Rather than being filled with large galaxies like we 
see in the current Universe, earlier times were 
dominated by small galaxies more akin to the 
satellites that surround the Milky Way. 

“These results are powerful evidence that a 
significant galaxy evolution has taken place 
throughout the Universe’s history, which 
dramatically reduced the number of galaxies 
through mergers between them — thus reducing 
their total number,” says Christopher Conselice of 
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This is the Hubble eXtreme 
Deep Field, representing a | 

fraction of the Ultra-Deep Field; 
_ even this segment contains 
arodffd 5,500 galaxies « 


~ 


the University of Nottingham, who led the team. 
“This gives us a verification of so-called top-down 
formation of structure in the Universe.” 

The analysis helps to estimate one of the 
fundamental questions of space research: how many 
galaxies are there in the Universe? The first real 
insight into this came in the 1990s when Hubble 
took its Deep Field Image, which revealed hundreds 
of galaxies crammed into a tiny patch of sky. The 
later Hubble Ultra-Deep Field uncovered a myriad 
of faint galaxies, and was used to estimate that there 
were 100 to 200 billion galaxies in the Universe. 

The new survey predicts that 10 times as many 
could be hiding from current telescopes. These 
missing galaxies were found by using mathematical 
models to infer how many galaxies were too faint or 
far away to be detected. 

“Tt boggles the mind that over 90 per cent of 
the Universe has yet to be studied. Who knows 
what interesting properties we will find when we 
discover these galaxies with future generations 
of telescopes?” says Conselice. 
http://hubblesite.org 
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4 This mosaic shows 18 of the 19 quasars studied — each can be clearly seen as being steeped in gas 


Quasars are surrounded by haloes 


More of the intense radio sources may have shrouds than we thought 


Quasars, the brightest objects in the Universe, are 
far more likely to be surrounded by a halo of gas 
than previously expected, according to new images 
taken by ESO’s Very Large Telescope (VLT). 

The study involved 19 quasars and all were 
enveloped in huge gas haloes up to 300,000 lightyears 
wide. Previous studies had found that only around 
10 per cent of quasars were shrouded in this way. 


Planet Nine is still 
hypothetical - we have no 
direct evidence for it as yet 


“Tt’s still too early to say if this is due to our 
new observational technique or if there is 
something peculiar about the quasars in our 
sample,” says lead author Elena Borisova from 
the Swiss Federal Institute of Technology. 

“So there is still a lot to learn; we are just at 
the beginning of a new era of discoveries.” 
Www.eso.org 


Planet Nine may 
be tilting the Sun 


The mysterious ninth planet of the Solar System 
hypothesised to exist at the start of the year may 
be pulling the Sun off kilter, solving a mystery 
that has been around for decades. 

The Sun is offset from the plane in which the 
major planets of the Solar System orbit by an 
angle of around 6°. In the words of Mike Brown, 
one of the astronomers who proposed the 
existence of Planet Nine back in January 2016: 
“It’s such a deep-rooted mystery.and so difficult 
to explain that people just don’t talk about it.” 

The as-yet-undiscovered planet is believed to 
exist 20 times farther from the Sun than 
Neptune and orbits on a plane offset from the 
other planets of the Solar System by 30°. By 
including the gravitational influence of a 
potential Planet Nine on our star, the team at 
Caltech were able to account for the Sun’s tilt. 

* “Because Planet Nine is so massive and hasa * 
tilted orbit in comparison to the other planets, 
the Solar System has no choice but to slowly 
twistout of alignment,” says Elizabeth Bailey, a - 
graduate student who led the study. 
http://www.caltech.edu 


NEWS IN 
BRIEF 


ORIGIN OF 67P 
DETERMINED 


Computer simulations 
have shown that 


Rosetta’s target comet, 
67P/Churyumov- 
Gerasimenko, only 
arrived in the inner 
Solar System 

10,000 years ago. 

By extrapolating the 
comet's path backwards 
—a task made more 
difficult because 67P 
was influenced by 
Jupiter — researchers 
were able to determine 
that the comet 
originated in a portion 
of the Kuiper Belt twice 
as far from Earth as 
Neptune. To read more 
about Rosetta’s final 
hours, turn to page 33. 


CHINESE 
BOARD NEW 
SPACE LAB 
China has undertaken 
its longest crewed 
space mission. On 

18 October 2016 a 
Shenzhou spacecraft 
carried two taikonauts 
(Chinese astronauts) 
to the Tiangong-2 space 
lab. Jing Haipeng and 
Chen Dong remained 
aboard for 33 days; as 
you read this, they will 
be preparing for their 
return trip to Earth. 
Tiangong-2 serves as 
a precursor to China's 
plans for a permanent 
space station, which 
would be able to 
accommodate up to 
six astronauts. 
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CUTTING 


Our experts examine the 
hottest new research 


Is dark energy no more? 


Recent reports of the death of the decade-old 


his month’s paper delivers a short, sharp 
and potentially knock-out blow in an 
argument that’s spilled into the scientific 
press recently. You may well have seen 
claims that the evidence for dark energy — the 
mysterious acceleration of the Universe’s expansion 
— is not as secure as was believed. This paper by 
David Rubin and Brian Hayden puts that notion to 
rest in just two pages of text and a few diagrams. 

Dark energy first disturbed the dreams of 
observers in the 1990s, when two projects studying 
distant supernovae came to the same conclusion 
about the behaviour of the Universe. In papers 
which would win their lead authors Nobel Prizes, 
they concluded that distant supernovae were 
fainter than expected and that they were therefore 
farther away than expected. The Universe, they 
said, must be expanding faster than we'd thought. 
But what drove this expansion was not known, 
and so dark energy was born. 

Even now, 20 years later, we lack a decent 
explanation for what’s going on with dark energy. 
What’s more interesting to me is what hasn’t 
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theory may be greatly exaggerated 


4 Type la supernovae 

are prodigiously useful to 
astronomers because they 
can be used as explosive 
measuring sticks 


CHRIS LINTOTT is an 


astrophysicist and 
co-presenter of The Sky 
at Night on BBC TV. 

He is also the director 

of the Zooniverse project. 


happened; despite decades of observational work, 
including large surveys of many hundreds of 
suitable supernovae, the result hasn’t gone away. 

Until, it seemed, last month. A trio of scientists 
led by Jeppe Trost Nielsen of Denmark’s Niels Bohr 
Institute reanalysed the data from several of these 
large supernovae hunts and claimed that while there 
was some evidence for acceleration, it failed to reach 
the accepted level of statistical significance required 
for a discovery and, they said, for a Nobel Prize. The 
dark energy defenders, they said, were simply 
overconfident at best and misguided at worst. 

This kind of debate is great to see, and the idea 
that something might have gone amiss is not crazy, 
either, as the measurement is more complicated than 
I’ve made it sound. It relies on observing supernovae 
of a particular type (known as Type Ia), which always 
explode with a luminosity that can be determined 
by careful observation of the way they brighten and 
fade. Getting that calibration right is essential — and 
here Nielsen and friends have slipped up. 


A key assumption of Nielsen’s work turns out 
to be wrong. The re-analysis had assumed that 
supernovae were the same at all distances, but 
as we look to the early Universe we inevitably 
see only the brightest explosions (there is also 
a smaller effect, caused by the influence of their 
host galaxies on the supernovae). This effect has 
to be taken into account, and when it is the 
evidence for dark energy is as strong as ever. 

Just as significantly, not all of the data for how 
the Universe is behaving depends on watching 
for special exploding stars. By combining 
evidence from observations of the cosmic 
microwave background and a few other things 
besides, we gain evidence that supports the 
supernovae results. Analysing everything together 
makes the chance of a mistake astronomically 
small, and so something that makes the Universe 
look like it is accelerating is definitely there. 
Whether that’s dark energy or something yet 
more mysterious remains to be seen. 


CHRIS LINTOTT was reading... Is fhe Universe 
accelerating? All signs point to yes by David Rubin 
and Brian Hayden. 

Read it online at https://arxiv.org/abs/1610.08972 
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New Horizons target is ancient 


Space rock 2014 MU69’s colour suggests it is a planetary building block 


4 The ruddy Kuiper Belt object 2014 MU69 exists 
some 1.6 billion km farther away than Pluto 


The next target for NASA’s New Horizons mission 
has been identified by Hubble Space Telescope’s 
latest imagery as one of the oldest objects in the 
Solar System. The distant Kuiper Belt object that 
the probe is heading towards, 2014 MU69, appears 
to have a reddish colour. This suggests that it 
originated in the cold classical region of the 
Kuiper Belt, an area containing the primordial 
remnants from the Solar System’s creation. 

New Horizons flew by Pluto in July 2015, before 
changing course to head for 2014 MU69, which 
lies 1.6 billion km beyond Pluto. Travelling at a 
speed of 14km/s, the probe is expected to arrive at 
the space rock on 31 December 2018. The data 
taken during the Pluto flyby finished downloading 
in October 2016, meaning the hard drives can be 
erased ready for the mission’s next phase. 
www.nasa.gov/newhorizons 


Lunar soil gets churned by meteors 


A new study into impact craters on the Moon has 
shown the lunar surface is being churned up at a far 
greater rate than previously thought. Images from 
NASA’s Lunar Reconnaissance Orbiter taken over 
the past seven years show 222 new craters have 
appeared, a far greater number than anticipated. 
“Before the Lunar Reconnaissance Orbiter was 
launched in 2009, we thought that it took hundreds 
of thousands to millions of years to change the 
lunar surface layer significantly,” says Emerson 
Speyerer from Arizona State University. “But 
we've discovered that the Moon’s uppermost 
surface materials are completely turned over in 
something like 80,000 years.” 
https://lunar.gsfc.nasa.gov 


4 This 12m lunar crater is one of many fresh impacts; 
it appeared between October 2012 and April 2013 


LOOKING BACK THE SKY AT NIGHT 


December 2004 


On 5 December 2004, the 
team looked towards Chile’s 
Atacama desert at the world’s 
largest optical telescope, the 
Very Large Telescope (VLT). 

The VLT is operated by ESO 
and comprises four separate 
8.2m diameter telescopes, 
which work together to reach 
milliarcsecond resolution. This 
is 50 times finer than the 
Hubble Space Telescope. 

To achieve this astounding 
precision the four scopes must 


use a combination of adaptive optics 
and interferometry - a technique 
which looks for tiny changes in the 
images received from the four 
scopes. The light is then transferred 
using mirrors to a central hub, 
where the images can be combined. 
The four 120m paths that the light 
travels along cannot be different in 
length by more than a thousandth 
of a millimetre, and to attain such a 
level of precision the tunnels must 
be kept in a vacuum to prevent air 
from effecting the image. 


4 The quartet of 8.2m telescopes 
that form the VLT in Chile 


NEWS IN 
BRIEF 


DETAILED 
HYDROGEN 
MAP CREATED 
An incredibly detailed 
map of the Milky 
Way’s hydrogen 
has been completed 
using data from the 
Parkes Observatory 
in Australia and the 
Effelsberg 100m 
Radio Telescope in 
Germany. The map, 
called HIAPI, is made 
up of more than one 
million observations. 
“Pilot studies of the 
HIAPI data show a 
wealth of filamentary 
structures never seen 
before,” says Professor 
Lister Staveley-Smith, 
from the International 
Centre for Radio 
Astronomy Research. 
“Tiny clouds become 
visible that appear to 
have fuelled star 
formation in the Milky 
Way for billions of years.” 


STAR DISC SEEN 
FRAGMENTING 
The disc of dust 
surrounding a young star 
has been caught in the 
act of fragmenting into a 
multi-star system, thanks fo 
observations from ALMA. 
“TThis] supports the 
conclusion that there are 
two mechanisms that 
produce multiple star 
systems — fragmentation of 
circumstellar discs ... and 
fragmentation of the larger 
cloud of gas and dust 
from which young stars 
are formed,” says John 
Tobin from the University 
of Oklahoma. 
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CUTTING 


Our experts examine the 
hottest new research 


The curious case of 
Mercury’s craters 


The planet's oddly placed impact sites may hint at 
turbulence in its spin-orbit resonance in the past 


Mercury’s large craters 
are congregated in 
zones known as hot poles 


he surface of Mercury, like that of our 
Moon, is an ancient, heavily cratered 
landscape. But curiously, the distribution 
of the larger craters is not uniform across 
the face of Mercury. Craters larger than 100km in 
diameter are clustered on what have been dubbed 
Mercury’s ‘hot poles’ — on the equator at 180° and 0° 
longitude — and skewed more towards the western 
hemisphere. Assuming that impactors strike down 
onto the surface of Mercury evenly (which is a 
reasonable thing to expect) you can calculate the 
likelihood of producing this weird distribution of 
large craters. And it comes out at between three per 
cent and 11 per cent probability — pretty unlikely to 
have happened by chance. So some process must 
have skewed the distribution of large craters seen 
on the face of Mercury today. 

This weird clustering could be caused by a bias in 
the spread of orbits of large bodies in the primordial 
Solar System that then collided with Mercury. The 
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LEWIS DARTNELL is an 
astrobiology researcher 
at the University of 
Westminster and the 
author of The Knowledge: 
How to Rebuild our World 
from Scratch (www.the- 
knowledge.org) 


problem is that this explanation doesn’t seem to 
work with the way that Mercury currently spins. 
Mercury orbits the Sun in what is known as a 3:2 
spin-orbit resonance, which means that its slow 
axial rotation (the Mercurian day) is locked to its 
orbital period (the Mercurian year) in a fixed ratio. 
Mercury spins round exactly three times for every 
two orbits, and so the hot poles alternate in 
pointing towards the Sun at perihelion. 

But Jurrién Knibbe and Wim van Westrenen of 
the Vrije Universiteit Amsterdam argue that Mercury 
can’t have kept a 3:2 resonance throughout the 
history of the Solar System, and that this resonance 
doesn’t account for the pattern of big craters anyway. 

Knibbe and van Westrenen modelled how 
Mercury would have shifted between different 
spin-orbit resonances over billions of years and 
what pattern of large craters you would expect 
from these different states. What they found is 
that instead of the current 3:2 resonance, if Mercury 
had originally spun with a 2:1 resonance during 


the early Solar System then the expected 
distribution of large craters does indeed match what 
we see. In a 2:1 spin-orbit resonance, Mercury 
neatly spins twice for every orbit and so always 
presents the same side to the Sun at perihelion. 

In this way, if large impactors tended to strike 
Mercury at a particular point in its orbital path, 

at perihelion for example, the craters would end 

up clustered in the same regions of its globe. 

The only question remaining, then, is how did 
Mercury shift from its earlier 2:1 resonance to its 
current 3:2 state. Knibbe and van Westrenen say 
that a particularly huge impact probably jolted the 
planet’s spin into the new resonance — likely the 
impact that created the 1,500km-wide Caloris 
impact basin, one of the largest impact basins in the 
Solar System. After being destabilised out of the 
initial 2:1 resonance by the impact, Mercury would 
have slowly settled into the resonance we see today 
by simply despinning from tidal drag. 


LEWIS DARTNELL was reading... On Mercury's past 
rotation, in light of its large craters by Jurrién 
Sebastiaan Knibbe and Wim van Westrenen 

Read it online at www.sciencedirect.com/science/article/ 
pii/S0019103516305541 
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What's on 


Our pick of the best events from around the UK 


4 Herstmonceux Science Centre is also home to a number of historic telescopes 


Geminid Meteor Open Evening 


The Observatory Science Centre, Herstmonceux, East Sussex, 10 December, 6.30pm 


The Geminid meteor shower is one 
of the most spectacular of the year, 
and in 2016 is expected to peak on 
the night of 13/14 December with a 
maximum zenithal hourly rate of 100 
meteors per hour. This year, the 
venerable Observatory Science Centre 
at Herstmonceux is hosting a special 
open evening to coincide with the 
peak, offering quality dark skies 
under which to observe the Geminids. 
Open evenings at the observatory 
are subject to weather conditions and 
if clouds hinder observing sessions, 
visitors will be treated to a planetarium 


show instead. For this reason it is 
advisable to check the weather 
forecast and contact the observatory 
on the day to make sure that the 
observing is still going ahead. 

The normal admission fee to the 
Observatory Science Centre applies, 
£8 for adults and £6.15 for children. 
Special rates for families are 
available. For a breakdown of prices 
including family discounts, and to 
check whether the observing will still 
be taking place, telephone 01323 
832731 or go online. 
www.the-observatory.org 


THE SKY AT NIGHT IN DECEMBER 
EXE Four, 11 December, 10pm (first repeat EXEN@ Four, 15 December, 7.30pm)* 


Juno reached Jupiter in July 2016, and is 
now engaged in its main science orbits 


LOOKING BACK ON 2016 

It has been yet another amazing 
year for astronomy and spaceflight. 
In December’s episode of The Sky at 
Night, the team catch up with some 
of the year’s biggest stories, including 
a look at the first scientific data to 
be returned from the Juno mission 
to Jupiter, and the hunts for Planet 
Nine and gravitational waves. 


*Check www.bbc.co.uk/skyatnight 
for subsequent repeat times 


WHAT'S ON DECEMBER 17 


Galactic Monsters 


British Geological Survey headquarters, Keyworth, 
Nottingham, 1 December. 7.30pm 


Quasars, Seyfert 
galaxies and radio 
galaxies are among 
the most violent 
objects in the Universe, 
sometimes shining 

as brightly as a 
hundred billion suns. 
In this talk for 
Nottingham 
Astronomical Society, Dr Marek Kukula, Public 
Astronomer at the Royal Observatory Greenwich, 
reveals how it took astronomers almost half a century 
to explain their astonishing power. Admission is free. 
www.nottinghamastro.org.uk 


The Christmas Star 


Armagh Planetarium, Northern Ireland, 
1-22 December, Mon-Sat 


ay 


Armagh Planetarium 
puts the story of the 
Star of Bethlehem 
under the spotlight. 
Taking place in the 
planetarium’s digital 
theatre, the show will 
look at historical records of astronomical events that 
occurred at the time and suggest some sources of the 
legend. Show times and info on group discounts are 
available by phoning 028 3752 3689 or online. 
www.armaghplanet.com 


What's Up: Putting the 
Science into Stargazing 


Lecture Theatre, Royal Observatory Edinburgh, 
19 December, 7.30pm 


Join astronomers at this 
hub for Scottish astronomy 
for a round up of recent 
astronomical news and 
the science behind celestial 
sights. Whether you are a 
complete beginner or an 

>< ip enthusiast, this event is a 
must for anyone with questions on how to better understand 
the night sky. Admission is £4 or £2 concessions. For 
more information on events at the observatory go online. 
www.roe.ac.uk/ve 


MORE LISTINGS ONLINE 


Visit our website at www. 
skyatnightmagazine.com/ 
whats-on for the full list of 
this month’s events from 
around the country. 


What's on 


To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at the 
bottom of the page. 
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ISTOCK 


ars has 
always 
featured 
in my 
retirement plan: a one- 
way trip out there in my 
seventies or eighties has 
always been appealing but, 
with the recent failure of 
the Schiaparelli lander, 
getting down to the surface 
in one piece seems more 
challenging than ever. 

Schiaparelli was a 
technology demonstrator, 
running tests for the 
delivery of a much larger 
payload in the form of 
the ExoMars rover, 
which is due to be 
launched in 2020. It will be the first 
autonomous vehicle on the Martian 
surface, covering far greater distances 
than any of the rovers that have previously 
landed on the planet. 

Missions to the Red Planet have never 
been a picnic. Close to 50 per cent of all 
probes sent there have been lost. Many of 
the failures happened early in missions; 
nevertheless the planet still puts up a fight 
every so often and ESA seems to be in the 
thick of that fight — look at what happened 
to Beagle 2. That said, with each failure 
more lessons are learnt. 

And lessons have been learnt. When 
Beagle 2 disappeared in 2003 it took more 
than 11 years to discover that it had landed 
successfully but had failed to unfurl some 
of its solar panels and release its comms 


Getting controlled 
landings on Mars right 
is a prerequisite for 
manned missions 


A PASSION FOR SPACE DECEMBER 21 


A PASSION FOR 


antenna. With Schiaparelli, details of each 
stage of the decent were broadcast, letting 
us know that the parachute was jettisoned 
30 seconds earlier than expected and that 
the retrorockets, which should have fired 
for 30 seconds, only fired for three. The 
result was that Schiaparelli hit the Martian 
surface at great speed, rupturing its fuel 
tanks and exploding the lander. 


Yet we can still celebrate 
While Schiaparelli took its suicidal plunge, 
the other component of this phase of the 
ExoMars mission — the Trace Gas Orbiter 
— successfully slipped into orbit in preparation 
for analysing the Martian atmosphere for 
small amounts of a range gases, principally 
methane. Methane is of particular interest 
as it is one of the by-products of life here 


SPACE 


with Maggie Aderin-Pocock 
The Sky at Night presenter explains that all is not lost 
with the destruction of the Mars lander Schiaparelli 


on Earth. Its presence in 
the Martian atmosphere 
is surprising since it is 
highly reactive, so it 
must be being renewed 
by a source on the planet. 
And although methane 
can be generated by 
geological reaction, there 
is the possibility that it is 
generated by some form 
of living organism, past 
or present. With the 
Trace Gas Orbiter we 
hope to be able to 
distinguish between a 
possible geological or 
biological source for the 
methane. Establishing 
when it was generated, 
however, is a harder nut to crack. 

There’s a wait of around a year for the 
TGO’s science operations to begin: before 
that, the spacecraft will use the Red Planet’s 
atmosphere to move into a circular orbit 
by aerobraking. This is a technique that 
has never been used before on Mars, so it 
is not without its risks. But around 
December 2017 we should start to get a 
better understanding of methane on Mars. 

Descents to the surface of Mars are still 
challenging, but with the additional data 
that Schiaparelli has provided, we should 
be able to work out a solution before the 
ExoMars Rover lands — and get my 
retirement plans back on track. @ 


Maggie Aderin-Pocock is a space scientist 
and co-presenter of The Sky at Night 
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126, sometimes known by 
the modest scientific label 
HD 37974, is a star whose 
name belies its mightiness. 
A breathtakingly colossal blue hypergiant 
158,200 lightyears away from Earth in 
the Large Magellanic Cloud, R126 has a 
mass 70 times greater than our Sun and is 
an incredible million times as luminous. 

How would such staggeringly high 
levels of light and scale appear to our 
Senses? And what manner of physics 
Could be operating in the space-time that 
Surrounds it? A flyby in the Perihelion 
Should give us an intriguing insight into 
this astonishing hypergiant, which 
makes our Sun seem like a squash ball 
Beside a space hopper. 

This staggeringly massive star is 
burning very bright, very fast! It’s left 
its main sequence era and is losing 
material due to its unfathomably 
powerful stellar wind. I always remember 
Sir Patrick Moore’s description of the 
Sunrs stellar wind: “Between these two 
hand claps, one second apart, the Sun lost 
four million tonnes of mass. But don’t 
worry, there’s plenty left — enough for 
approximately 4.5 billion years.” Just 
like the Sun, R126 is losing energy in 
this fashion — but an astonishing billion 
times faster than the Sun. 

With stellar winds of this ferocity 
any planets with magnetic fields in the 
Vicinity might have aurorae resembling 
a million lightsaber being juggled 
by a cosmic octopus with 80,000 arms. 
Steering the Perihelion closer in, there 
doesn't seem to be any sign of exoplanets 
orbiting this amazing blue hypergiant. 
But the Perihelion’s scanners unveil 


CUR 


on travels to a ferocious blue hypergiant that makes our Sun seem tranquil 


another equally fascinating feature: 

a giant disc of debris looping around 
the star at a distance more than 60 times 
the radius of Pluto’s orbit. 

It’s unclear just at the moment 
whether this disc represents the 
formation or the destroyed remains of a 
planetary system. It’s a surprise to see it 
at all to be honest: such powerful, fizzing, 
disruptive solar winds make it difficult 
for particles to condense into anything 
resembling stable planetary objects. 
Hovering the Perhihelion where the 
debris disc and star are visible in their 
entirety, it resembles a giant, dazzling 
Saturn, boldly filling its corner of the 
Universe. Steering closer to the heart of 
the debris disc, next to a particular 
boulder the size of St Paul’s Cathedral, 
the light of the blue hypergiant is 
dominatingly violent. 

Even the Perihelion’s most powerful 
light shields are unable to help us gain 
much sense of the immediate area. The 
entire environment looks like a Polaroid 
photo in the first few seconds out of the 
camera — a complete white out with only 
the vaguest silver shimmerings and 
outlines visible. I imagine the levels of 
ultraviolet here would cause an instant 
intense suntan. 


At some point in the far future, R126 
may settle enough to allow the debris disc 
to form into a system of planets. For now 
though, to be placed right in the glare ofa 
massive blue hypergiant, burning with 
such racing speed, is deeply disconcerting. 


Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night 
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top prize: four 
Philip’s books 


The ‘Message of the Month’ 
writer will receive four top 
titles courtesy of astronomy 
publisher Philips: Robin 
Scagell’s Complete Guide 
to Stargazing, Sir Patrick 
Moore's The Night Sky, 
Robin Scagell and David 
Frydman’s Stargazing with 
Binoculars and Heather 
Couper and Nigel 
Henbest's Stargazing 2017 


© SOCIAL 
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What you've been saying 
on Twitter and Facebook 


Have your say at twitter. 
com/skyatnightmag 
and facebook.com/ 
skyatnightmagazine 


@skyatnightmag asked: 
What's been your 
standout moment in 
astronomy this year? 


@moohalaa Had to be 
@astro_timpeake’s Soyuz 
launch thumbs-up. So 
inspiring. Started amazing 
mission that had a huge 
STEM impact on UK. 


@sjb_astro Easy, the 
weather being totally 
clear in North Yorkshire 
for the entire Mercury 
transit. A minor miracle! 


@DavidBflower The 
Mercury transit. | hadn't 
seen or photographed 
one until this year. 
Unforgettable. 


@rickfrO1 Trying out a 
new lens in Greece and 
capturing the Milky Way 
in superb detail. 


nteractive 


EMAILS e LETTERS e TWEETS e FACEBOOK 


Email us at inbox@skyatnightmagazine.com 


Forced to travel... but 
it was worth it 


4 John’s capture of the pale river that is the 
Milky Way rising over the southern horizon 


Inspired by your Sky Guide in issue 136, I set 
off to Birling Gap on the Sussex coast to hunt 
down the delights of the southern Milky Way. 
A streetlight positioned dead south at the end 
of my garden renders this part of the sky a no 
go area, so I was forced to put my stuff in the 
car and head off in search of dark skies. I was 
astounded by what I could see and knocked off 
a good number of Messier objects. I have a 
5-inch scope and I reckoned the dark sky 
doubled my aperture. I also had my bottom of 
the range DSLR camera with me and a passing 
photographer gave me a couple of settings to try 
photographing the Milky Way with. Five 
minutes later I had the attached photo. It just 
shows what you can see and capture under dark 
skies with modest equipment! 

John Middleton, Crawley 


Fantastic pic John! There’s not much better 
than travelling to a dark sky site and getting 
clear views. — Ed 
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Trials and tribble-ations 

I read Maggie Aderin-Pocock’s column in issue 137 
and her frustration that we are not closer the Star 
Trek dream with interest. Today we have handheld 
communicators, and can talk to a computer and get 
meaningful replies. Just to illustrate the point, ’m 
talking to my phone to write this message! 

Cliff Keech, Redbourn 


Good point, Cliff. For 
me, one thing that 
seems to have come 
straight from Star 
Trek is 3D printing; 
amazingly you can 
print food! - Ed 


Oh what a night! 


My wife and I would like to thank you for the 
wonderful prize of dinner, bed & breakfast and an 
observing session in the Dark Sky Observatory at 
Battlesteads Hotel in Northumberland — it was 
absolutely wonderful! We were most fortunate with 
the weather and had a great time viewing the stars 
in all their glory from the impressive observatory. 
Graeme Innes, via email 


Thanks for getting in touch, Graeme, and I'm glad 
you enjoyed the prize. - Ed 


Perch perfect 


This owl has 
decided my 
scope is a good 
perch from 
which to hunt 
mice for his 
evening meal. 
He keeps 
coming back 
and I need to 
figure some way of discouraging him from ruining 
my 30-minute exposures! 

Chris Heapy, Macclesfield 


As if cloud cover wasn’t enough, Chris! - Ed 


oops! 

In August’s Cutting Edge The dunes of Mars on Earth, the 
name of the researcher from the University of Calgary 
was incorrect. It should have been Marzieh Foroutan. 


A NEW MILESTONE IN ZWO'S HISTORY 


THE FIRST DEDICATED 4/3" CMOS DSO IMAGING CAMERA 
color or mono | cooled or uncooled 


ASI1600 


ZWO cameras and accessories are available from 
365Astronomy and their dealer network in the UK, NI & Ireland. 


t: +44 2033 845 187 
e: sales@365astronomy.com 
w: 365astronomy.com/ZWOptical 
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A LDN 1355/7, LBN 643, VdB 9 and VdB 7 


PATRICK GILLILAND, WORCESTERSHIRE, 2-5 OCTOBER 2016 


Patrick says: “This image 
was experimental and 

| had no idea at the outset 
whether | would be able 
to capture it. A previous 
image of another object 

in Lynd’s Bright Nebula (LBN) catalogue 
went well over one night so | set about this 
target, which is more elusive. A nice run of 
clear nights with little Moon glow allowed 
me to capture 331 sub-frames. A little luck 
is required with timing of clear nights, but 
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it shows what can be achieved in the UK 
when all the factors come together. ” 


Equipment: FLI MicroLine ML8300 mono CCD 
camera, Officina Stellare Veloce RH200 
astrograph, Paramount ME mount. 


BBC Sky at Night Magazine says: “While the 
initial impression of Patrick’s image is awe at 
the sheer beauty of it as a whole, this is one 
of those astrophotos in which it is easy to get 
lost. Hot white and blue stars draw the 


viewer's attention to the foreground, while 
cooler, amber stars seem to stretch to infinity.” 


About Patrick: “My fascination began as a 
child. Three years ago | decided to buy my 
first scope and soon after started imaging. 

| was surprised to find out I seem to have an 
artistic side! My fascination has got the better 
of me and | am soon to enrol for a degree in 
Astronomy and Planetary Science, just as 
soon as | have finished getting back up to 
speed with some very rusty algebra skills!” 
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<q Star 
trails 


GARETH DAVIES, 
KEYWORTH, 
NOTTINGHAMSHIRE, 
23 SEPTEMBER 2016 


Gareth says: 

“| was inspired fo try 
capturing a star trail 
image after reading 
Jamie Carter’s 
tutorial in the July 
issue. My favourite 
feature is the fact 
that if you look really 
carefully in the 
bottom right corner 
you can see the 
reflection of the star 
trail in my utility 
room window.” 


Equipment: Canon 
EOS 700D DSLR 
camera, 18-55mm 
lens, Velbon tripod. 


Solar surface > 


ALASTAIR WOODWARD, DERBY, 3 OCTOBER 2016 


Alastair says: “I upgraded to a 4.75-inch refractor as it is a better 
match for my Quark eyepiece filter. The move was incredible.” 


Equipment: Point Grey Blackfly IMX249 CMOS camera, Sky-Watcher 
Evostar 120 achromat, Sky-Watcher HEQ5 Pro SynScan mount, 
Quark Chromosphere eyepiece filter. 


s ; a = oe 3 ee - - ao V Elephant’s Trunk Nebula 


. eh 3 Ee e SIMON TODD, HAYWARDS HEATH, 7-23 SEPTEMBER 2016 

A 2 ie “-® 1 Simon says: “I’ve always been fascinated as to how this object also looks 
sank . ~ os... '| ike a silhouette of a man. The problem | had was making sure | had 
ape ee Se enough data in the Olll and Sil channels as the area is rich in Ha.” 
: : ; : : % oes Equipment: Atik 383L+ mono CCD camera, Sky-Watcher Quattro 8CF 
tae - i ee i Imaging Newtonian, Sky-Watcher EQ8 Pro equatorial mount. 
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A Pac-Man Nebula 


MARK FORBES, STOCKPORT, 2 OCTOBER 2016 


Mark says: “The nebula was located above the Manchester sky glow. 
To make matters worse it was also in the direction of a white LED 
streetlamp. Still, | was pleasantly surprised to see some nice detail 
emerge from the darkness, and visible colour from the nebula too.” 


Equipment: Canon EOS 750D modified DSLR, Altair Astro StarWave 102ED 
refractor, Sky-Watcher AZ-EQ6 GT mount, light suppression filter. 
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V Veil Nebula Complex 


GAVIN JAMES, WILTSHIRE, 
22 SEPTEMBER 2016 


Gavin says: “It was a labour of love to battle 

the summer night skies fo obtain the full set of 
data for this four-pane mosaic. | am sure that 
my next project will be a single pane image!” 


Equipment: QSI 683 cooled CCD camera, 
William Optics Star 71 refractor, Sky-Watcher 
HEQ5 Pro SynScan mount. 


A Cosmic question mark 


PAUL SWIFT, VALENCIA, SPAIN, 4 OCTOBER 2016 


Paul says: “Cederblad and the surrounding nebula clouds begin to emerge through the gloom 
of Valencia’s urban skies, revealing the cosmic question mark. It is a dim structure but with 
dedication and time you can bring out fine details. 


Equipment: Starlight Xpress SX-814 camera, Vixen VSD 100 astrograph, Paramount MX+ mount. 


A Aurora arc 


JERRY PORSBJER, MOSKOSEL, SWEDISH LAPLAND, 4 OCTOBER 2016 


Jerry says: “I went out for an early hours walk before bed. After only a few minutes | saw the 
aurora, went home to grab a camera and headed down to the lake behind our house.” 


Equipment: Nikon D3S DSLR camera, AF-S Nikkor 14-24mm lens. 
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ERISEA-MAG.COM: SCIENTIFIC AMERICAN: ASTRONOMY NOW: 

“A unique and quite frankly “Doing augmented reality “For those at all levels of 
brilliant thing to have to this way is great, doing experience in astronomy, it 
hand for anyone who has a personal planetarium- is definitely the next leap in 
a keen interest in space, come-star-map this way is the evolution of interactive 
especially children as it is so inspired.” sky map devices.” 


easy to use.” 


Order now with a 5% READER’S REBATE! 
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AN EVENING WITH 


ORION 


Thursday 16 February 2017 


Join us at the Royal Society in London for an evening of talks 
exploring the wonderful winter constellation of Orion, the Hunter 


The constellation of Orion is one of the scientific insights and spellbinding vistas that 
most familiar patterns in the night sky: the will be uncovered by the three speakers on 
Hunter striding across the southern horizon the evening: instrument scientist Dr Pamela 
throughout the winter months. Beyond the Klaassen, astrophotographer Tom O'Donoghue 
figure of ancient Greek myth lie fascinating and radio astronomer Dr Anita Richards. 


ONLINE AT skyatnightmagazine.com/events 
OR CALL 0871 231 0847* 


*A transaction fee applies to all bookings. Calls cost 13p per minute plus network extras. 
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ROSETTA MISSION DECEMBER 33 


ROSETTAS FINAL 


DESCENT 


The world followed Rosetta’'s mission 
around a distant comet. Now Will Gater 
looks at the spacecraft’s closing chapter 


™& 


ABOUT THE WRITER 
Will Gater is an astronomy 
journalist, author of 
several books and an 
astrophotographer. Follow 
him on Twitter: @willgater 
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ne of the quirks of exploring our 

vast planetary neighbourhood with 
robotic spacecraft is that the data 

from the thrilling events and dynamic 
encounters that these missions experience doesn’t 
instantaneously arrive back here on Earth. Instead 
those that control and command these missions 
must patiently wait — sometimes minutes, often 


more — to receive signals and scientific information 
from their distant interplanetary scouts. 

So it was on the morning of 30 September in 
Darmstadt, Germany, as the scientists, engineers 
and spaceflight experts of ESA’s Rosetta mission 
stood staring intently at the display screens within 
the European Spacecraft Operations Centre. The 
event that all — including much of the world’s media 
—had gathered together to mark, however, was 
not some new phase of the mission, but the final 
moment when the signal from the distant cometary 
explorer disappeared forever, its reconnoitre of 
comet 67P/Churyumov-Gerasimenko complete. 

Rosetta had been programmed to leave its orbit 
around the comet the evening before. Once its 
thrusters had fired, the probe began a slow descent 
to the surface of the icy nucleus where — upon 
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The moment Rosetta woke 
from hibernation - which 
5s it announced_with a tweet 


4 ESA head of mission 
operations Paolo Ferri 
issues Rosetta with its 
final command (above 
left), and the moment the 
orbiter’s signal vanished 
after impact (above right) 


Rosetta’s final dive 
was the result of several 
- days’ manoeuvring 


. 29 Sep 
Collision 
manoeuvre 


| 


26 Sep 
Post-flyover 
manoeuvre 


30 Sep 
Impact 
on comet 


26 Sep 
Transfer 
manoeuvre 


impact — its transmitter had been instructed to 
switch off, never to speak to Earth again. Now 

in a hushed mission control all eyes were on one 
screen showing a set of green lines that danced 

as the display updated — it was Rosetta’s signal 
arriving from the faraway comet. At 11:19 UT the 
display abruptly changed and the wavy pattern of 
lines that had been the hallmark of the spacecraft’s 
signal no longer showed. Rosetta had finally gone 
quiet. It was on the comet. Though no more data 
would be coming from the spacecraft, its final 
few hours saw some of the most extraordinary 
transmissions of the entire mission. 


Finding Philae 
In the months preceding the landing, Rosetta’s orbit 
had taken it closer to comet 67P, providing yet more 
data to swell the growing body of research from the 
mission. But among its final investigations there was 
still one mystery that the Rosetta team hadn’t quite 
resolved. Where — exactly — was Philae, the little 
probe that had disappeared after bouncing over the 
nucleus during an attempted landing in 2014. 

The team had a good idea of Philae’s rough 
location based on data returned by both it and 
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A CASCADE OF COME TARY SCIENCE 


Rosetta’s mission may now be over, but we'll be reaping the rewards for years to come 


If there’s one thing that Rosetta shares with 
every other grand interplanetary mission of 
recent years, it’s that the trove of data that 
it has beamed back during its adventures 
will be pored over and referenced by 
researchers for decades. Already, though, 
the observations made by the spacecraft at 
67P/Churyumov-Gerasimenko have allowed 
scientists to glean some key insights into the 
nature and evolution of comets. 

One recent study - which made use of 
images of the comet captured by Rosetta 
- argued that the characteristics of 67P, like 
its high porosity, and features seen by the 
orbiter, such as layered terrain, are consistent 


The Rosetta spacecraft 
also examined the dust 
streaming from the comet... 


Rosetta. But what they really wanted was an actual 
image showing precisely where the lander had 
ended up. “We searched for Philae right from the 
day after landing,” says Holger Sierks, the principal 
investigator in charge of Rosetta’s powerful OSIRIS 
cameras. The orbiter had to move away from the 
comet when its activity increased but Sierks and 


his team were able 
to resume the search 
later on when Rosetta 
started to make close 
flybys of Churyumov- 
Gerisamenko. Yet despite 
scheduling numerous 
imaging sequences they 
found nothing. Then, 
four weeks before the 
mission was due to end, 
the OSIRIS camera 
struck gold. In one of the 
images in the sequence 
was the unmistakable 
form of Philae lying 
nestled among the 
cold, craggy terrain. 

“Tt’s just about a metre 
or so to the edge of the 


with the theory which says that comets are 
truly primordial objects that emerged early on 
in the Solar System's history; as opposed to 
being relatively youthful remnants of older, 
icy bodies that were smashed apart. 

Chemical analyses made at the comet by 
Rosetta’s numerous instruments have yielded 
yet more intriguing results. In May this year 
scientists working on the mission announced 
that the spacecraft’s ROSINA instrument 
had detected the amino acid glycine around 
the comet — amino acids being important item 
on biologists’ ingredients list of life. 

Other studies have examined the 
composition and structure of the dust 


emitted from the comet as well as the 
physical make-up of the nucleus. By 
carefully monitoring the signal from 
Rosetta as it whirled around 67P, 
scientists have ascertained that the 
comet lacks the vast, internal cavities 
that some researchers had suggested 
might be a way to explain the observed 
low density of comets. Instead it seems 
Rosetta’s comet is merely porous, low- 
density material throughout; its nucleus 
has an average density of a little over 
530kg per cubic metre - for comparison 
the density of cork is around 200kg 

per cubic metre. 


...including individual 

samples such as this 
"shattered cluster of particles: 
®~ inexplicably named Jessica 


field of view of the CCD frame and only possible to 


see in the shadow because the cameras can really 


Vv The OSIRIS narrow- 
angle camera image 
in which Philae was 
definitively identified 


see into the darkness,” says Sierks. Overnight the 
picture became one of the most talked-about images 
of the mission, but it would also be a taster of the 
extraordinary sights that the OSIRIS cameras would 
see as Rosetta made its dive towards the comet’s 


surface on 30 September. 
Initially the Rosetta 
team considered 
crashing the orbiter into 
the patch on the comet, 
known as ‘Agilkia’, that 
Philae had briefly visited. 
However, because that 
region had already been 
photographed by the 
lander’s ROLIS camera 
it was decided that 
Rosetta would instead 
touch down close to a 
set of huge pits. The pits 
presented an especially 
tempting target because 
of what Rosetta’s 
cameras had already 
seen within an even» 
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> larger hollow — the ‘Grand Pit’ — on another 
part of the comet. 

“(The Grand Pit is] a pit of about 200m in 
diameter and 180-190m in depth, so looking at 
the walls you’re looking down into the cometary 
nucleus,” says Sierks. “These walls are not just rough 
surfaces with some random structures as you would 
expect, they have [these] goosebumpy structures 
that we also see in many of the cliffs on [the] 
nucleus.” The ‘goosebumps’ are suspected of being 
the smaller objects from which the comet formed, 
long ago, and are generally about 3m across. It’s 
this size that really piqued the scientists’ interest 
— it may tell us something important about the 
process that formed the goosebumps. 

“We went back to the modellers asking them 
how do pebbles form in the early [Solar System] 
accretion disc when dust agglomerates in the gas 
disc and forms pebbles, can these pebbles grow to 
metre size? And they said ‘no’,” explains Sierks. 
“We didn’t finish this discussion yet so it’s still on- 
going,” he adds. 


Brave new endeavour 
It might be that the researchers’ models need 
tweaking. Or it could be that there’s another 
process occurring on the comet that creates 
the goosebump features. Either way, by taking 
high-resolution images of other pits as it 
descended to the surface, the scientists hoped 
Rosetta would shed light on the mystery. Getting 
that valuable data would require meticulous 
preparation though; the spacecraft’s final hours 
would be like nothing the OSIRIS camera team 
had attempted before. 

During Rosetta’s time at 67P, pictures taken 
by the OSIRIS cameras would usually be stored 
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4 Rosetta’s final resting 
place would be a region 
characterised by a huge 
pit that peers into the 
heart of the comet itself 


4 As the comet began 
emitting more and more 
dust and gas conditions 
became increasingly 
challenging for Rosetta 


in the onboard memory before being beamed 
home hours or days later. But with no chance 
of hearing from Rosetta after its descent and 
impact with the comet’s surface, the OSIRIS 
instrument would have to send its final pictures 
back to Earth in real time. 

That in itself demanded weeks of planning and 
testing as well as some nerve-wracking decisions 
on the part of the OSIRIS team. “We have certain 
safety measures on board, like monitoring of 
temperatures and currents, and instrument state 
that we had to take care of,” says Sierks. “The 
last [thing] you want to see is 10 minutes before 
impact the instrument detects a little increase in 
temperature and calls back home ‘so what should 
I do?’ and stops operation. [So] we had to take all 
these safety measures off step-by-step, which was 
a painful decision.” 

All the work paid off however. As Rosetta 
glided down to the surface of 67P/Churyumov- 
Gerasimenko at the end of September, the OSIRIS 
cameras returned spectacular images of the 
comet getting ever nearer below. “I think the 
most exciting moment was really getting a 
visual feel of the surface coming closer and 
closer and closer,” recalls Sierks. “That’s how 
you feel you will touch ground very soon.” 


During the descent OSIRIS’s wide-angle camera 
captured 72 images, while its narrow-angle camera 
snapped 63. Images taken later on in the descent 
showed obvious blurring due to Rosetta’s increasing 
proximity to the comet. “The cameras are made for 
long-range remote sensing,” explains Sierks. “They 
are made for a kilometre distance and beyond and 
were not made for close-distance photo shooting. 
The narrow angle camera ran out of focus at 
something like 700-800m above surface but we 
continued down to 300m or so taking images. 

The wide-angle camera stayed in focus down to 
300-400m and then ran out of focus.” 

Although heavily blurred, Rosetta’s last picture 
before it hit the comet’s surface showed fascinating 
details. “We see gravel fields,” says Sierks. “We 
see that the pebbles, these grains that we see on 
the surface, are typically [a] centimetre or a few 
centimetres in size and irregular as the nucleus is.” 
At the time of writing, Sierks and his colleagues 
are processing Rosetta’s final out-of-focus pictures 
with specialist sharpening techniques in the hope 
of bringing out more detail. 


Vicarious explorers 

While researchers working on the mission like 
Sierks have had front-row seats during Rosetta’s 
time at 67P/Churyumov-Gerasimenko, they 
aren’t the only ones who’ve explored the comet 
vicariously from afar. The rest of the world has 
been with them. 

Both Rosetta and Philae tweeted from their 
own Twitter accounts, each of which have 
hundreds of thousands of followers, while 
two short films and a series of enchanting 
cartoons about the mission — produced by 
ESA — have racked up over two million views 
on YouTube. “We had initially thought our 
target group [for the cartoons] was a younger 
audience, and although indeed kids love them, 
so do adults,” says ESA space science editor 
Emily Baldwin, who scripted the cartoons 
and writes Rosetta’s tweets along with her 
colleague Claudia Mignone. “Even the scientists 
working on the missions use excerpts in their 
science presentations.” 

Although we’ll never hear from Rosetta or 
Philae again, fans of comets and the space 
missions that study them may, in the coming 
years, get a chance to marvel at another 
intriguing comet-like object. A team led by the 
Open University’s Colin Snodgrass, who 
coordinated the ground-based observing of 
comet 67P/Churyumov-Gerasimenko, are 
proposing an ESA mission to study a so-called 
‘main-belt comet’ within the asteroid belt 
between the planets Mars and Jupiter. If that 
proposal — and future ones like it — is successful, 
Rosetta’s ending won’t be a sad farewell. Instead 
it will be the conclusion of a spectacular first 
act in humanity’s grand and ongoing saga 
of cometary exploration. @ 
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<4 On 29 September, Rosetta 
fired its thrusters to initiate 

its descent towards 67P/ 
Churyumov-Gerasimenko. Just 
nine hours before it began the 
dive, the spacecraft captured 
this dramatic image of the 
comet, roughly 23km away. 


> With its plunge toward the comet 
underway in the small hours of 30 
September, Rosetta returned this 
astonishing picture of a roughly 
614m-wide swathe of the surface 
home to vast, craggy cliffs. 


<4 By 08:18 UT on the 
morning of 30 September 

_ Rosetta was approximately 
6km from the surface of 67P/ 
Churyumov-Gerasimenko; 
this picture, taken at that 

moment, shows boulders 

littering the ground below. 


> At 10:14 UT the probe caught this stark 
view of the looming cometary surface 
with fine details evident in some of the 
larger boulders. By now Rosetta was - 
approximately 1.2km from the comet. 


< Rosetta snapped this image 
just 20m or so from the surface, 
the final one of the mission.. 
It reveals a patch on the 

comet, dubbed Sais, a little 

less than 1m wide. 
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For space enthusiasts, it's been a fantastic 12 months. 
Looking back at the year just gone, Elizabeth Pearson 
brings us up to date on the biggest space stories of 2016 
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AO 


UK’s first 


astronaut on the 


Tim Peake's mission was 
an inspiration to millions 


Tim Peake served as the first British ESA 
astronaut on the ISS during the first six 
months of the year, having arrived on 
the space station on 15 December 2015. 
Over his six-month mission, Principia, he 
performed a spacewalk, ran the London 
marathon, piloted a rover on Earth and 
undertook an array of daily experiments. 
Peake returned to Earth on 18 June the human spaceflight and microgravity more enthusiastic about human spaceflight 
2016, landing in Kazakhstan before programme manager from the UK Space now than we were five years ago, it’s fair to say.” 
being transported to the European Agency. “It’s been by far the biggest Once he has finished his post-flight 
Astronaut Centre for rehabilitation as mission for ESA in terms of interest. The tours, Peake will still be part of the ESA 
he reaccustomed to Earth’s gravity. launch reached 24 million viewers in the astronaut corps. Though not currently 
“For now, Peake is doing lots of tours UK. Peake’s education campaign reached assigned to a flight, he will continue work 
and outreach. He’s probably busier now one million people and that number is to further research into human spaceflight 
than he was in space,” says Andrew Kuh, increasing. The UK Space Agency is much both in the UK and throughout Europe. 


4 [1] Tim’s famous mid-spacewalk selfie taken while repairing a power unit [2] Commanding the 
rover [3] Juggling fresh fruit in microgravity [4] Supporting a schools programme from orbit 
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Signs of 


Nine 


Another family member could be 
lurking in the outer Solar System 


In January, Konstantin Batygin and Mike farthest point from the Sun in its 
Brown announced they’d seen signs in the orbit, which could be as much as 
motions of small bodies in the Kuiper Belt 1,200 times the Earth-Sun distance. 
that suggested they were being gravitationally _Yet it might still be possible for today’s 
influenced by a ninth member in the Solar telescopes to catch a glimpse. 
System’s planetary family. “There are now a number of teams on the 
To account for what they found, the planet hunt for Planet Nine,” says Batygin. “Mike ° 
- which they dubbed Planet Nine - would and | have a large Ilaboration with a on : —— 
have to be five to 20 times the mass of the Japanese group, Be he Subaru Telescope a 
Earth and in a highly eccentric orbit lasting Meanwhile another group is using the Dark 
for tens of thousands of years. It’s unlikely Energy Camera on the Victor M Blanco 
the planet is in the near part of its orbit, as Telescope in Chile to search. “Additionally, a 
it hasn‘t been found by existing surveys such team at Berkeley is using a clever brute-force In this depiction Planet Nine 
as WISE, Kepler and Pan-STARRS. More computational approach to fry to find Planet is imaged as having rings, 
probable is that it is near its aphelion — the Nine in archival data. It’s all very exciting.” botwetdonitinowitoneure 


skyatnightmagazine.com 2016 


SPACE IN 2016 DECEMBER 41 


The gravitational waves 
detected are thought to 
have originated from the 
merger of two black holes 


First detection, of: . 
gravitationa 


The phenomenon 
has been spotted 


not once, but twice Gi n no u a ce 
J u n re) The mission will look deep 


below the cloud tops 
; reaches @ 


After nearly five years of travelling, 
NASA’s Juno probe entered into orbit 
around Jupiter in July 2016. The 
probe is currently circling 
the planet in a series of 
elliptical orbits up until 
February 2018. The 
orbiter is mapping 
the gas giant’s 
gravitational and 
magnetic fields, 
allowing astronomers 
to peer through the 
upper cloud layers and 
into the planet’s depths. 
The probe’s first orbit 
passed a mere 4,200km 
above the cloud tops, 
the closest pass it will 


ter 


4 The aurora witnessed 
in infrared over Jupiter’s 
south polar region 


> Jupiter’s familiar 
bands are barely 
visible from 

the north pole 


make to the planet during the mission. 
From this, Juno returned images of 
Jupiter’s previously unseen northern pole, 
smothered in swirling storms. 
Meanwhile, its infrared cameras 
revealed Jupiter’s southern 
aurora for the first time, 
imaging the light created 
by excited hydrogen 
atoms in the planet’s 
atmosphere. These 
images showed that 
the aurorae are bigger 
and more powerful 
than previously 
expected. The team 
continues to monitor 
the light shows, to gain 
even more insight into 
the magnetic field that 
powers them.» 


A century-long hunt came to an end this year 
when the first detection of gravitational waves 
was announced in February. 

The historic wave had been created. by two 
merging black holes, 29 and 36 times the 
mass of the’Sun. After travelling over 
1.3 billion lightyears, the signal arrived at 
Earth and was detected.on 14 September 
2015. Affer several months of rigorous 
checking and analysis, the discovery was 
announced to the public. By this time a second 
signal had been detected on Boxing Day 
2015, throwing even more weight behind the 
veracity of this momentous discovery. 

The phenomenon was predicted by 
Einstein’s general theory of relativity, which 
stated that moving masses might cause ripples 
in the fabric of spacetime. It was only with 
the Laser Interferometer Gravitation 
Observatory (LIGO) - a pair of huge 
observatories working in tandem — that 
these tiny fluctuations could be detected. 

LIGO is still being refined and once it 
reaches full sensitivity in 2019 it will be able 
to detect waves up to three times farther 
away. A third observatory in India is being 
planned to help friangulate the source of 
waves detected in the future. Once up to 
speed, LIGO has the potential to discover 
anew wave every week or so, creating 
a way to look at parts of the Universe 
that have been shrouded in darkness 
until now. A new age in astronomy 
could:be on the horizon. 
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At the beginning of the year a group of 
astronomers began the most comprehensive 
search yet for a world around our nearest 
star, the red dwarf Proxima Centauri. After 
many months, the team found evidence of 
a planet, making it the closest known 
exoplanet to our Solar System. 

The planet, Proxima b, would be at least 
1.3 times the mass of Earth and orbit a mere 
five per cent the Earth-Sun distance from its 
star. As the red giant is much cooler than the 
Sun, this places the planet in the region 
around the star where liquid water can persist 
on the surface, one of the key factors in the © 
search for extra terrestrial life. 

However, the stellar radiation at such close 
proximity could strip away any atmosphere. 
And it’s likely that one side of the planet is 
tidally locked facing the star, creating huge 
temperature differentials. Either of these could 
drastically reduce the chance of liquid water. 
Studies have, however, shown that Proxima b 


Exomars 


The orbiter will hunt for the 
source of the planet's methane 


On 19 October, the European ExoMars 
2016 mission arrived at Mars. This 
represents the first half of ESA’s 
programme to look for signs of life past 
and present on the Red Planet. 

The main craft of the mission was the 


Trace Gas Orbiter, which will examine 
the planet’s atmosphere. Rather than 
looking at the carbon dioxide that 
makes up the bulk of the atmosphere, 
the orbiter will hunt for the small 
amounts of other gases present, most 
importantly methane. On Earth, the 
gas originates from both geological and 
biological processes, and so understanding 
its source could help determine if there 
are living microbes on Mars. 
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Exoplanet « 


found around Sun’s nearest 


hbour 


The planet could be habitable 


may possess a magnetic 
field, which would protect 
the atmosphere. Such an 
atmosphere would help to 
regulate planetary 
temperature and keep the 
world temperate enough 


’ for liquid water oceans to’ 


survive, potentially allowing 
life to evolve. 

Searching for any such 
atmosphere will probably have 
to wait for the next generation of 
observatories. While it's been 
suggested the Very Large Telescope 
might be able to detect oxygen around 
the planet, it will almost certainly take the 
improved capability of the James Webb Space 
Telescope and the European Extremely Large 
Telescope (due for completion in 2018 and 
2024 respectively) to truly begin to 
understand what our new neighbour is like. 


Also on board was the 
Schiaparelli lander. This was 
meant to be ESA's first soft 
landing on the Mars, but 
the team lost contact 
with the probe shortly 
before impact. Finding 
out what went wrong 
will be a high priority, 
as it was meant to serve 


as a test for the second 
half of the ExoMars 
mission: in 2020, ESA 
plans on sending a rover 


4 Schiaparelli’s impact site has 
since been imaged from Mars orbit 


As the closest exoplanet to 
Earth, we'll no doubt-be 
hearing a lot more about 
Proxima b in the years to come 


to join the Trace Gas Orbiter. 
Equipped with a 2m drill, 
the rover will be the 
first Martian mission 
capable of looking at 
the rocks beneath the 
surface, which have 
been protected from 
the damaging radiation 
of the Sun. By working 
together with the orbiter, it 
will help to determine 
if the Red Planet has 
ever been inhabited. @ 


The Trace Gas Orbiter is 
scouring Mars for methane, 
a key indicator of biological 

and geological activity 


“TI don’t need 
acunning 
plan to 
defeat 
dementia.” 


Sir Tony Robinson 
Alzheimer’s Society Ambassador 


I don’t have the foggiest idea how to kick dementia into the history books. 
Thankfully I don’t need to, because I can help the people who do. 


When dementia took my Mum and Dad I made a pledge that I didn’t want 
my grandchildren to fear going the same way, so I’m leaving a gift in my 
Will to Alzheimer’s Society. Without gifts in Wills one in four of Alzheimer’s 
Society projects would not be funded, affecting both crucial research 

and vital local services. I’m sure you also want to create a dementia-free 
future for your family, but without gifts in Wills it could remain a dream for 
generations to come. 


Please join me by leaving a gift in your Will to Alzheimer’s Society. 
For your free Will Guide, please call the charity’s Legacy team on: 


0370 011 0290 


Alternatively for more information visit: 


alzheimers.org.uk/tonyrobinson ieraaathetae 


against dementia 
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Alzheimer’s 
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, Orion appears every bit 
: the hunter of Greek myth: 
club raised aloft, shield 
held in front, sword 
dangling from his belt 


TREASURES OF \ 


ORION \, 


Mighty Orion is 
back in the shy.. 
Paul Money takes: 
us on a tour of the “4 
bestsightsthe +. 
Hunter has to offer “oS * 


rion holds something for everyone, 
whether you enjoy the naked-eye 
splendour of its stars, want to tour it 
with a pair of binoculars, peer deeper .* 
with a modest telescope or delve into its deepest 
and faintest targets with 10- to 14-inch systems. It 
is easy to enjoy the view of the Orion Nebula alone, 
but a host of astronomical treasures awaits those 
willing to look a little closer. Over the next few 
pages we reveal some of Orion’s most striking 
features and the equipment needed to see them. 


ABOUT THE WRITER 
. Paul Money is BBC Sky at 
Night Magazine's reviews 7 < 
editor and an experieneced , 
astronomer who regularly 
organises outreach events. 
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RA: 05h 55m 10s 
Dec.: +07° 24’ 25” 


RA: 05h 14m 32s 
Dec.: -08° 12’ 06” 


NAKED EYE 


Allow 30-40 minutes for your eyes to adapt 
to the dark before you start observing 


Betelgeuse (Alpha Orionis) 


We begin with the most famous star in Orion, mag. +0.5 Betelgeuse 
(Alpha (a) Orionis). An unmistakable bright orange star of 
spectral class MO, Betelgeuse is often cited as the most likely red 
supergiant to go supernova any time in the next million years. 


Rigel (Beta Orionis) 


On the opposite side of the Belt stars to Betelgeuse is mag. +0.2 
Rigel (Beta (f) Orionis). In contrast to Betelgeuse, Rigel is a 
brilliant blue-white star of spectral class B8. It is technically a 
little brighter than Betelgeuse despite being designated Beta. 


BINOCULARS 


Delights await you whether you have a pair of 7x42s, 10x50s or 15x70s 


-Mintaka . 


* Alnilam: 


* Alnitak 


4 The three bright stars of Orion’s Belt form 
one of the simplest asterisms in the night sky 


Orion's Belt 

RA: 05h 36m 12s (Alnilam) 

Dec.: -01° 12’ 07” (Alnilam) 

With 10x50 binoculars you will see 

a little deeper. The 6° field of view 
allows a stunning view of the three 
stars that form Orion’s Belt: mag. +1.9 
Alnitak (Zeta (€) Orionis), mag. +1.7 
Alnilam (Epsilon (€) Orionis) and mag. 
+2.4 Mintaka (Delta (6) Orionis). All 
three are BO spectral class. 


Sword of Orion 

RA: 05h 35m 16s (Theta! Orionis) 
Dec.: -05° 23’ 23” (Theta Orionis) 
For now let’s sidestep the Orion Nebula, 
as the sword also contains the wonderful 


“NGC 1981 


45 Orionis oa Orionis 
M43 
M42 


. Hatsya é: 
. a 


4 M42 is the most famous member of Orion’s 
Sword, but by no means the only worthy target 


open cluster NGC 1981 at the top. A group 
of stars including mag. +4.6 42 Orionis 
and mag. +5.2 45 Orionis sits north of 

the Orion Nebula (M42) and the adjacent 
De Mairan’s Nebula (M43), which itself is 
above mag. +2.8 Hatsya (Iota (t) Orionis). 


Meissa (Lambda Orionis) 

RA: 05h 35m 8s 

Dec.: +09° 56’ 03” 

Mag. +3.5 Meissa (Lambda (A) Orionis) is 
found in a neglected group of stars known 
as Collinder 69 or the Lambda Orionis 
Association. Meissa makes a triangle with 
mag. +4.4 Pi' (z!) Orionis and mag +4.1 
Pi? (x”) Orionis. Meissa and the cluster it 
resides in are thought to be 1,100 lightyears 


- Meissa 


o 
Betelgeuse 


4 Meissa is the dominant member of open 
cluster Collinder 69, close to Betelgeuse 


away and certainly worth looking at with 
larger binoculars. 


Orion's Shield 

RA 04h 49m 50s (Tabit) 

Dec.: +06° 57’ 40” (Tabit) 

Another neglected pattern is that of 
Orion’s Shield, formed by the six stars 
designated Pi Orionis (mag. +4.6 Pi’, 
mag. +4.4 Pi’, mag. +3.2 Pi’, mag. +3.7 
Pi’, mag. +3.7 Pi°, and mag. +4.5 Pi®). 
They form a curved line best seen with 
low-power binoculars, such as a pair 

of 7x42s, as the distance between the two 
ends of the shield is 8.5°. Pi* (x*) Orionis, 
also known as Tabit, is a relatively 

close 26 lightyears away. > 
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A6 


& SMALL TELESCOPE 


Use a reflector up to 6 inches or refractor up to 4 inches and you'll see more detail 


4 The Flame Nebula sits on the edge of Orion's 
Belt; the bright star in this shot is Alnitak 


The Orion Nebula 

RA: 05h 35m 16s (Theta! Orionis) 
Dec.: -05° 23’ 23” (Theta' Orionis) 
The Orion Nebula is the showpiece of the 
constellation and really comes alive with 
a small refractor. It has two patches with 
Messier designations: M42 is the main 
nebula, its wisps and tendrils stretching 
out from the central Trapezium Cluster. 
Just above it is the much smaller M43, 
also known as De Mairan’s Nebula. 


M78 

RA: 05h 46m 45s 

Dec.: +00° 04’ 45” 

M78 would be the showcase nebula of the 
constellation were it not for the Orion 
Nebula. It possesses two stars immersed 
in nebulosity, shines at mag. +8.0 and 
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. Perhaps the most studied 


star-forming region in’ 


. the sky, the Orion 
Nebula is an éasy first 
target within Orion 


4 The stars of NGC 2169 form the number 
‘37’, giving the cluster its common name 


from Earth looks like a typical white- 
sheeted ghost. Look out for nearby 

NGC 2071: it is smaller than its neighbour 
but shines at mag. +8.0. 


NGC 2112 and Barnard’s Loop 
RA: 05h 53m 45s (NGC 2112) 

Dec.: +00° 24’ 39” (NGC 2112) 

The emission nebulosity described as 
Barnard’s Loop is well known among 
astrophotographers, yet part of its section 
above and slightly east of M78 can be 
traced with a 6-inch Dobsonian. This 
faint, ‘milky’ patch curves and ends close 
to mag. +9.0 open cluster NGC 2112. 
Low magnification is best for the loop. 


Sigma Orionis 
RA: 05h 38m 44s 


Dec.: -02° 36’ 00” 

Close to mag. +1.9 Alnitak (Zeta (C) 
Orionis) is mag. +4.0 Sigma (0) Orionis, 
which appears as a stunning multiple 
star system through small to medium 
telescopes. There are four splittable stars, 
the brightest of which is another double 
- though this one is too tight to resolve 
in amateur instruments. 


The Flame Nebula (NGC 2024) 
RA: 05h 41m 55s 

Dec.: -01° 51’ 00” 

The Flame Nebula needs dark skies 
and low magnification to see well. Use 
a 6-inch reflector, making sure you 
keep nearby Alnitak out of the field 
of view to improve contrast, and you 
should be able to see its mottled fan 
shape. As a bonus, reflection nebula 
NGC 2023 lies nearby. 


NGC 1662 

RA: 04h 48m 27s 

Dec.: -02° 56’ 38” 

Now for something different. NGC 1662 

is a lovely mag. +6.4 open cluster forming 
a right-angle triangle with mag. +4.6 Pi' 
(n') Orionis and mag. +4.4 Pi? (n’) Orionis, 
the two stars at the top of Orion’s Shield. 
Pi' Orionis sits in the right angle. This is 
another overlooked target, said to resemble 
a Klingon Bird of Prey from Star Trek. 


NGC 2022 

RA: 05h 42m 6s 

Dec.: +09° 05’ 10” 

This little planetary nebula can be 
found just southeast of mag. +3.5 Meissa 
(Lambda (A) Orionis). The nebula shines 
at mag. +11.6. In a 6-inch Dobsonian 

it is small and round, appearing a 

pale greenish-blue. It can sustain high 
magnification if conditions permit. 


The 37 Cluster 

RA: 06h 08m 24s 

Dec.: +13° 57’ 53” 

Also designated NGC 2169, this cluster 
gets its name because its stars appear 

to form the numerals three and seven. 

A lovely little cluster shining at mag. +5.9 
and well worth seeking out even under 
moderately light-polluted skies. This 
cluster bears higher magnifications well. 
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<2 LARGE TELESCOPE 


Delve deep into the constellation with a reflector over 6 inches or a refractor over 4 inches 


Four of the Trapezium 
stars can be seen in small 
scopes; the rest require 

a larger instrument 


The Trapezium Cluster 

RA 05h 35m 16s (Theta! Orionis) 
Dec.: -05° 23’ 23” (Theta’ Orionis) 
At the heart of the Orion Nebula is the 
Trapezium Cluster. The main stars (A, 
B, C and D) can be easily seen through 
small scopes, but use a large instrument 
and two more pop easily into view: E 
and F. More challenging are stars G 
and H, which are mag. +16.0. 


Jonckheere 320 

RA 05h 05m 40s 

Dec.: +10° 42’ 21” 

This is a stunning but neglected planetary 
nebula shining at mag. +11.8. In smaller 
telescopes it looks like a green star at low 
magnification, so larger telescopes really 
do it justice and bring out its true nature. 
Through a 14-inch Newtonian it appears 
as a small green disc. 


NGC 1999 

RA: 05h 36m 25s 

Dec.: -06° 42’ 58” 

This is another nebula that could have more 
attention if it were not for the Orion Nebula. 
NGC 1999 shines at mag. +9.5 and in small 
telescopes looks like a small misty star, but 
a 14-inch scope reveals the mag. +10.3 star 
V380 Orionis surrounded by faint nebulosity. 


NGC 1788 

RA: 05h 06m 54s 

Dec.: -03° 20’ 05” 

Off the beaten track and roughly north 
of mag. +2.8 Cursa (Beta (6) Eridani), 
NGC 1788 is a reflection nebula that 
deserves to be better known. It glows by 
reflecting the light of the mag. +10.0 star 
embedded within it, and using a large 
scope reveals more stars around it. 


NGC 1924 

RA: 05h 28m 02s 

Dec.: -05° 18’ 39” 

Orion is home to dozens of galaxies. 
One of the easier ones to find is NGC 
1924, which lies to the west of M42, 
shines at mag. +13.3 and may be as 
far as 100 million lightyears away. When 
viewed through a 14-inch Newtonian 
at 200x magnification it appears as a 
pale, oval smudge of light. 


IC 421 

RA: 05h 32m 08s 

Dec.: -07° 55’ 06” 

This barred face-on spiral galaxy has 
a stated magnitude range of mag. 
+14.2 to mag. +16.4 and is a challenging 
object. See if you can detect it with 

a 14-inch Newtonian at 200x 
magnification as a faint roundish 
smudge of light. It lies 140 million 
lightyears away. 


4 Reflection nebula NGC 1788, abutted 
on one side by dark nebula Lynds 1616 


The famous Horsehead 
Nebula is an opaque cloud 


UGC 3188 

RA: 04h 51m 49s 

Dec.: -08° 50’ 38” 

Use mag. +4.4 Pi’ (n”) Orionis to home 

in on this faint galaxy, which rests just 

18 arcminutes east of the star and shines 
at mag. +15.0. This galaxy has a couple 

of mag. +10.0 stars nearby that help you 
locate it. Just south of Pi? Orionis is UGC 
3180, another mag. +15.0 galaxy, this time 


all alone in the night sky. 


The Horsehead Nebula 
(Barnard 33) 

RA 05h 41m 01s 

Dec.: -02° 27’ 14” 

To see the famous Horsehead Nebula, you 
have to be able to pick up faint emission 
nebula IC 434, which hangs south from 
mag +1.9 Alnitak (Zeta (C) Orionis). The 
horse’s head appears as a dark notch through 


a 14-inch Newtonian and requires averted 
vision — a great, subtle challenge. @ 


4 NGC 1999 is a reflection nebula, lit from 
within by the variable star V380 Orionis 


Discover more 
about Orion in 
AN EVENING WITH 


ORION 


Three talks exploring the constellation 
at the Royal Society, London, SW1 


Thursday 
16 February 2017 


See page 32 for more details 
Book tickets at 
www.skyatnightmagazine.com/events 
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ROYAL 
OBSERVATORY 
GREENWICH 


INSIGHT 
ASTRONOMY 
PHOTOGRAPHER 


OF THE YEAR 


Astronomy Centre, Royal Observatory Greenwich 
17 September 2016 — 25 June 2017 
Admission free | rmg.co.uk/astrophoto | #astrophoto2016 


Sponsored by Media partner 


Insight 


INVESTMENT 


aos Sky at Night 


>> ABNY MELLON COMPANY MAGAZINE 


Peace © Dave Brosha 


© Cutty Sark (Zone 2) 
== Greenwich (Zone 2) 
ei Greenwich Pier 


ROYAL 3)\.- 46h 
MUSEUMS cep 
GREENWICH <== 


PETE LAWRENCE 


WRITTEN BY 
PETE LAWRENCE 


| month on BBC Four. 5) 


Pete Lawrence is an 
expert astronomer 
and astrophotographer 
with a particular 
interest in digital 
imaging. As well as 
writing The Sky Guide, 
he appears on The 
Sky at Night each 
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O 


Stephen Tonkin’s 
BINOCULAR TOUR 


Turn to page 60 for six 
of this month’s best 
binocular sights 


THE SKY 


GUIDE 
DECEMBER 


Brilliant Venus has been visible but poorly placed in the evening sky 
for weeks. Towards the end of December it will be more prominent, 
appearing higher after sunset. This means you can see it against a 
darker sky, allowing its spectacular brightness to really stand out. 
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= wwe» DECEMBER HIGHLIGHTS 


19 303 gi Your guide to the night sky this month 


> THURSDAY SATURDAY > 


The waxing crescent Moon Venus will 
> 1 (4% lit) sits 8° above mag. €) be 5.5° 


-0.4 Mercury in the southwest of the waxing 
evening twilight. Look for crescent Moon (15% lit) 
them low down and close to the this evening. Look out for them 
southwest horizon approximately around 16:30 UT, low in the 
20 minutes after sunset. south-southwest. The dim 


earthshine-lit portion of the 
Moon will be visible at this time. 


< FRIDAY 

(ia) The waxing gibbous 

Moon (76% lit) is 

3.5° south of Uranus at 

20:30 UT. You'll need 
binoculars at least to spot the 
mag. +5.8 planet, which forms a 
tight triangle with mag. +5.2 Zeta 
(¢) and +6.0 88 Piscium. All four 
celestial bodies will fit into the 
same binocular field of view. 


THURSDAY 
Comet 
A5P/Honda- 
Mrkos-Padjusakova 
passes 1° south of 
the mag. +8.6 open cluster M75. 
The comet is expected to be 
around mag. +9.6 at this time. It 
and the cluster may be seen close 
to the southwest horizon from 
around 17:45 UT. 


< SATURDAY 
Start of the Ursid 
meteor shower, 
which peaks on 
22 December. 


The magnificent 
centrepiece of the winter 
sky, the Orion Nebula, now 


reaches its highest point in the 
sky, due south, at midnight. 


SATURDAY TUESDAY > 


Comet Ringed planet 

A5P/ Saturn and a 
Honda-Mrkos- slender waning 
Padjusakova is crescent Moon 


(3% lit) appear 7° apart at 
07:30 UT. They will be visible 
low in the southeast. 


expected to reach mag. +8.0 
tonight. You can find it within the 
‘triangle’ of Capricornus, visible 
low in the southwest as the sky 
darkens. It will be 13° west of 
brilliant Venus. 


FRIDAY > 


FAMILY STARGAZING 3 0: Ay There's on 


opportunity 
fo spot a very 
thin, 1% lit 
waxing crescent Moon 30 minutes 
after sunset. See if you can spot it 
low above the southwest horizon. 


lit lunar crescent should be complemented by the Moon's 

darker portion glowing gently. Point this out and explain 
that it is known as the ‘old Moon in the young Moon’s arms’. The 
Moon has its new phase when it appears to line up with the Sun. 
The crescent that emerges is then described as being young, 
aging as it passes through its monthly cycle. The dark portion 
glows because sunlight reflecting off the Earth hits the Moon and 
reflects back for us to see. This effect is known as earthshine. 


€) The crescent Moon near Venus is spectacular. The thinly 


PETE LAWRENCE X 6 
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MONDAY 
The waxing crescent 
Moon (32% lit) is 4° 
from Mars. They are 
visible due south at 
around 17:00 UT. 


SUNDAY 


Mercury reaches 
greatest eastern 
elongation, being 
separated from the 


Sun by 21°. Its mag. -0.4 dot 
should be visible in the evening 
sky approximately 20 minutes 
after sunset. Look for it low in 
the southwest. 


THURSDAY 


By Peak of 

(9) the Ursid 
meteor shower. 
It normally 


TUESDAY 
The waxing 
crescent Moon 
(44% lit) occults Neptune 
just after 22:30 UT. Both 
are low at this time, approximately 


4° above the west-southwest horizon 
as seen from the centre of the UK. 


Today marks the start of the 
annual Geminid meteor shower. 


MONDAY 


© i waxing 
1 y I gibbous 
Moon (97% lit) 

occults mag. +3.6, 


Gamma (y) Tauri just after 21:30 
UT. Reappearance is at 22:40 UT. 
Times are for the centre of the UK. 
Observing at least 15 minutes 
earlier fo avoid missing this and 
subsequent events. 


FRIDAY 


WEDNESDAY 
The brightest star visible 
to the southeast of the 
Moon is called Deneb 
Kaitos (Beta (f) Ceti). 
Slightly farther east is a fainter 
quadrilateral pattern of stars, the 
southern most of which is mag. 
+3.5 Tau (t) Ceti. This is Earth’s 
next-closest solitary Sun-like star 
and is believed to be surrounded 
by five planets. 


By The Moon, 
now 98% lit, 


TUESDAY 
occults double star 


1 3: Theta (6) Tauri, 


which is within the Hyades cluster. 
The star vanishes at 02:00 UT and 
reappears 50 minutes later. 


Peak of the Geminids, unfortunately 
coinciding with a near-full Moon. 


DECEMBER 5! 


NEED TO 


KNOW 


The terms and symbols 
used in The Sky Guide 


UNIVERSAL TIME (UT) 
AND BRITISH SUMMER 
TIME (BST) 

Universal Time (UT) is the 
standard time used by 
astronomers around the 
world. British Summer 

Time (BST) is one hour 
ahead of UT. 


RA (RIGHT ASCENSION) 
AND DEC. (DECLINATION) 
These coordinates are the 
night sky’s equivalent of 
longitude and latitude, 
describing where an object 
lies on the celestial ‘globe’. 


FAMILY FRIENDLY 
# Objects marked with 
this icon are perfect for 
showing to children 


NAKED EYE 
© Allow 20 minutes for 
your eyes to become 
dark-adapted 


FO) PHOTO OPPORTUNITY 
Use a CCD, planetary 
camera or standard DSLR 


(@ “Pier the 

©) vening 
crescent Moon 
(30% lit) and mag. 


+1.0 Spica (Alpha (a) Virginis) form 
an attractive triangle as they rise 
tonight. Look above the east- 
southeast horizon at 02:30 UT. 


exhibits a maximum zenithal 
hourly rate of around 10 
meteors per hour. The waning 
crescent Moon (38% lit) 
shouldn't interfere too much. 


fea) BINOCULARS 


10x50 recommended 


SMALL/ 

MEDIUM SCOPE 
Reflector/SCT under 6 inches, 
refractor under 4 inches 


LARGE SCOPE 
Reflector/SCT over 6 
inches, refractor over 4 inches 


* Leam astronomy 


im 10 easy lessons” 


SATURDAY 


GETTING STARTED 
IN ASTRONOMY 


If you’re new to astronomy, 
you'll find two essential 
reads on our website. Visit 
http://bit.ly/10_Lessons for 
our 10-step guide to getting 
started and http://bit.ly/ 
First_Tel for advice on 
choosing a scope. 


(GB) Mars and 
Neptune 
are separated 


31: by around 20 


arcminutes as darkness falls. 


Comet 45P/Honda-Mrkos- 
Padjusakova is 1° northwest of 
mag. +4.8 Eta (n) Capricornus 
this evening. 45P is expected to 
be around mag. +7.3. 
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DON'T MISS 


The Moon 
occults the 
the Hyades 
and Aldebaran 


WHEN: 12 December from 21:20 UT 


A particularly well positioned 
on) lunar occultation of the Hyades 

open cluster occurs on 12 
December, culminating with the Moon 
occulting the bright star Aldebaran in the 
early hours of 13 December. 

The Moon will be bright, showing a 
97%-lit waxing gibbous phase. Stars will 
disappear behind the Moon’s dark limb 
and reappear from behind its bright limb. 
The first main event will be when mag. 
+3.6 Gamma (y) Tauri is occulted at 21:35 
UT on 13 December. It reappears just 
over an hour later at 22:41 UT. Mag. +6.4 
star 70 Tauri follows suit a little later, 
disappearing at 00:33 UT and reappearing 
at 01:39 UT. Optical double star Theta (0) 
Tauri is the next major event, mag. +3.8, 
Theta! (6') disappearing at 02:02 UT and 
+3.4 Theta? (6?) vanishing at 02:14 UT. 
Theta’ reappears first at 02:48 UT, followed 
by Theta! at 02:57 UT. Mag. +0.9 
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TAURUS 


HIP 21029 
@ 


Velesk yy -CullDe 


The three top 
sights to observe 
or image this month 


4 The Moon masks several members of the Hyades before Aldebaran, a close but unrelated star 


Aldebaran (Alpha (a) Tauri) disappears at 
05:22 UT, popping back into view at 05:50 
UT, when the Moon is 9° above the horizon. 
These times are all correct for the centre 
of the UK but will vary with location, so 
it’s best to view 10-15 minutes before the 
stated time. As well as these main events, 
there will be less bright stars being 
occulted too, and these should be 
relatively easy to spot with a small scope 
using low to medium magnification. 


In these occultations 
you'll see stars vanish 
behind the Moon’s 
dark limb and emerge 
from the bright one 


It’s possible to make scientifically 
useful observations by recording the 
times of each reappearance and 
disappearance. This can be done with a 
stopwatch, preferably one with lap timer 
facility. For accuracy, the stopwatch should 
be synchronised with an atomic clock 
server. There are many free smartphone 
apps that offer timing functions suitable 
for this. Once recorded, the results can be 
sent to an official body such as the British 
Astronomical Association. 

It’s also interesting to try and get others 
to have a go at this too, especially if they 
are distributed across a wide area. This 
will reveal often dramatic variations in 
the timings caused by a relative shift in 
the Moon’s position against the stars. 

Another way to show this is to organise 
a number of photographers across the 
country to take a photo of the Moon 
against the cluster stars at precisely the 
same time. There should ideally be two 
exposures, one short to show the Moon’s 
edge, and another longer one to record at 
least three of the cluster’s stars. Collecting 
the synchronised images gives you the 
opportunity to line them up relative to 
the stars. This will reveal the quite 
noticeable parallax shift exhibited by 
the much closer Moon. 


VWrleshy Gu|De 


December 
meteors 


WHEN: 4-17 December for 
the Geminds, 17-26 
December for the Ursids 


December plays host to the 
OE Geminids, arguably the best 
annual meteor shower of them 


all with a peak zenithal hourly rate of 
120 meteors per hour. Activity reaches 
a peak on the night of 13/14 December 
when many Geminid trails can usually 
be seen emanating from a location close 
to the bright star Castor in Gemini. 
Long nights and typically reliable activity 
can make this quite a spectacle. The 
particles that form Geminid trails enter 
Earth’s atmosphere at the middling 
speed of 35km/s which makes them 


good targets for photography. 


Unfortunately, this year the Moon will 
be big, bright and very visible during the 


peak period. Casting a considerable glare 


across the sky, it will cause many fainter 
Geminid meteors to be hidden from view 
and as a consequence, the rates you actually 
see will be much lower than normal. 

To get the best out of the shower 
visually, wrap up warm and observe from 
the darkest location you can find. Make 
sure the Moon is not in your field of view, 
otherwise it will destroy any dark adaption 
your eyes manage to achieve. Amazingly, 
it is still possible to photograph the 
shower even with a bright Moon in the 
sky. The trick is to adjust exposure times 


can be adjusted 
post capture. 


so you don’t overexpose any 
parts of the image. This 
may still require you 

to capture a shot 

with a much brighter 
background than 
normal, but that 


The Ursids peak on 
22 December and may 
be a much better prospect, 
despite having a much 


* Ursid radiant 
22/23 Dec 
AX 


®@ Kochab 


Venus and the Schroter effect 


WHEN: Throughout December; Venus's greatest eastern elongation occurs on 12 January 2017 


Venus and Mercury 
exhibit a full range 
of phases. When 


at greatest elongation 
from the Sun, the angle 
between Earth, the 
planet and the Sun is 
90°. You might expect to 
see both worlds appear 
50% lit under these 
circumstances, a phase 
described as dichotomy. 
Venus is odd in this respect 
because it doesn’t obey the 
rules. The Schréter effect, a 
term suggested by Sir Patrick 
Moore in 1955, named after 


a Venus’s half-lit phase 
never occurs when geometry 
predicts it should 


pioneering planetary 
observer Johann Schréoter, 
describes how Venus reaches 
dichotomy a few days 
early when approaching 
greatest eastern 
elongation in the 
evening sky and a few 
days late when reaching 
greatest western 
elongation in the morning 
sky. The effect is believed to 
be caused by how sunlight 
interacts with Venus’s thick 
atmosphere. As the next 
elongation occurs on 12 
January, this is a great time to 


39% waning c rescent 
Rises 01:00 UT on 22 Dec 


4 The Ursid radiant is close to 2nd-magnitude Kochab v The long trail of a Geminid meteor 


lower zenithal hourly rate 


of just 10 meteors per 
hour, because the Moon 
will be largely out of 
the way. This shower 
is active from 
17-26 December, 
producing relatively 
slow moving meteors 
that appear to emanate 
from a position close 
to mag. +2.1 Kochab 


(Beta (8) Ursae Minoris). 


start observing the planet 
and to get into the habit of 
making disc drawings or 
images to confirm the effect. 

What you're looking for is 
the day on which the terminator 
appears absolutely straight. 
This can be difficult to assess 
visually and often appears 
straight on more than one 
occasion. Here, the best 
option is to record this and 
take the middle date. The 
effect is not confined to 
dichotomy but is tricky to 
measure with precision at 
other times. 
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THE NORTHERN HEMISPHERE 
IN DECEMBER 


KEY TO WHEN 10 USE THIS CHART _ 

1 DECEMBER AT 00:00 UT 
ASSURE 15 DECEMBER AT 23:00 UT é 
STAR NAME 31 DECEMBER AT 22:00 UT a 


PERSEUS CONSTELLATION On other dates, stars will be in slightly different places 


Arcturus 


NAME due to Earth’s orbital motion. Stars that cross the sky ~ 
GALAXY will set in the west four minutes earlier each night. e 
OPEN CLUSTER 
HOW TO USE THIS CHART > 
GLOBULAR ee a e pe 
CLUSTER oe x 
Ps e 
PLANETARY 
NEBULA 
- @ 
DIFFUSE @e 
NEBULOSITY 7d = 
e 
DOUBLE STAR % 
VARIABLE STAR E % . ee 
(e) 
THE MOON, O * 
Stace 1. HOLD THE CHART s0 the direction you're facing a a a e 
is at the bottom. > A 
COMET TRACK 2. THE LOWER HALF of the chart shows the sky j &. 
ahead of you. Ly 
3. THE CENTRE OF THE CHART is the point air e a 
ASTEROID directly over your head. > oe 
~~ TRACK he em \, e 
ee 
Seweeeme §SUNRISE/SUNSET IN DECEMBER* ' aN > ii 
PATH ° S se 
DATE SUNRISE SUNSET : ~\ BP 
1 Dec 2016 08:03 UT 15:54 UT ; é 


METEOR 


RADIANT 11 Dec 2016 = 08:16 UT 15:50 UT 


fae 

—_ 21 Dec 2016 =08:23 UT 15:52 UT 
31 Dec 2016 = 08:25 UT 16:00 UT 

MOONRISE IN DECEMBER* 

S@x PLANET MOONRISE TIMES 


ASTERISM 


1 Dec 2016, 09:18 UT 17 Dec 2016, 20:25 UT 
h QUASAR 5 Dec 2016, 11:57 UT 21 Dec 2016, --:-- UT 

9 Dec 2016, 13:42UT —-25 Dec 2016, 04:15 UT 
STAR BRIGHTNESS: 13 Dec 2016, 16:03 UT 29 Dec 2016, 08:04 UT 


MAG. 0 
& BRIGHTER 


MAG. +1 LUNAR PHASES IN DECEMBER 


MAG. +2 MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY 


*Times correct for the centre of the UK 


MAG. +3 


MAG. +4 
& FAINTER 


COMPASS AND 
FIELD OF VIEW 


e@ 3 
FULL MOON 


N 
SS 


MILKY WAY 


CHART: PETE LAWRENCE 
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Paul and 
Pete’s Virtual 
Planetarium 
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THE PLANETS 
D| CK @ F TH E Position of Venus and the 9% lit Position of Venus and the 5% lit 


waxing crescent Moon on waxing crescent Moon on 


hA O N T la 1 December at 18:00 UT 31 December at 18:00 UT 


VENUS 
BEST TIME TO SEE: 31 December, 
17:30 UT 


ALTITUDE: 17° 

LOCATION: Aquarius 

DIRECTION: Southwest 

FEATURES: Phase, subtle atmospheric 
shading, Schréter effect 
EQUIPMENT: 3-inch scope 


Venus has been languishing low in the 
south-southwest after sunset for many 
weeks. In this position the magnificent 
planet is easily lost from view, hidden 
behind features on the landscape or 
foreshortened cloud cover. However, 
this is now set to change. Venus, like all 
of the main planets, tends to keep itself 
pretty close to the ecliptic, a great circle 
described by the path of the Sun across If you hope to view Venus 1 December to 57.1% lit 
the sky throughout the course of a year. with a telescope you on the 31st with the 
This month it moves out of Sagittarius, should aim to catch it disc increasing in 
through Capricornus and just into early, just after sunset. apparent size from 
Aquarius. This movement takes it along The brighter sky 16.8 arcseconds to 
the part of the ecliptic that is making an background 21.5 arcseconds 
ever steeper angle with the southwest will help over the same 
horizon just after sunset. The net result reduce contrast. period. Venus 
of this is that Venus appears higher in the | Watching the reaches greatest 
sky after the Sun goes down. intense planet eastern elongation 
The planet is intensely bright, shining against a truly dark on 12 January, 
away at mag. —4.1 at the start of December — sky can produce all when it should 
and brightening slightly to —4.3 by the manner of internal appear 50% lit. 
end of the month. To the naked eye such reflection effects that However, it typically 
a bright point source of light can appear make scrutinising its reaches this phase early 
stunning when seen against a dark sky, disc that much harder. 4 Like the Moon, Venus has phases; when in the evening sky, 
and under these conditions it is even The phase decreases it will remain gibbous in December, phenomenon known as 
possible for Venus to cast shadows. from 68.7% lit on shrinking through the month the Schréter effect. 


4 Venus becomes easier to see as the evening ecliptic starts to form a steeper angle with the horizon 


PETE LAWRENCE X 3 


THE PLANETS IN DECEMBER rain cout crite top to show ts orientation rough ¢ telescope 
VENUS MARS JUPITER SATURN URANUS NEPTUNE 


15 December 15 December 15 December 15 December 15 December 15 December 


MERCURY 
1 December 


MERCURY 
15 December 


MERCURY 
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Using a small scope you'll be able to spot Jupiter’s biggest moons. 
Their positions change dramatically during the month, as shown on 
the diagram. The line by each date on the left represents 00:00 UT. 


WEST | EAST 


DATE 
1 


co ON O UU BF WO ND 


876543 2 1 


234567 8 


URANUS 

BEST TIME TO SEE: 

1 December, 20:30 UT 
ALTITUDE: 44° 

LOCATION: Pisces 
DIRECTION: South 

Uranus is well positioned and 
culminates in darkness all 
month. It forms a tight triangle 
with Zeta (C) and 88 Piscium, 
which are mag. +5.2 and +6.0 
respectively, a good match for 
the mag. +5.8 planet. Uranus’s 
disc has an apparent diameter 
of 3.5 arcseconds, and it shows a 
distinct green hue. Point a scope 
at the planet and gradually 
increase the magnification to 
as much as your sky conditions 
will stand. It’s hard to spot 
detail on the disc visually but 
it can be done. This is usually 
seen in the form of lighter or 
darker bands and zones. 


JUPITER 

BEST TIME TO SEE: 

31 December, 06:45 UT 
ALTITUDE: 30° 

LOCATION: Virgo 
DIRECTION: South 

Mag. -1.9 Jupiter’s position 
continues to improve during 
December and by the 31st it’s 
just able to culminate — reach its 
highest point in the sky, due 
south — in darkness. It currently 
lies 4.5° north of the white, 
mag. +1.0 star Spica (Alpha (1) 
Virginis). The waning crescent 
Moon is close by on the mornings 
of 22 and 23 December. 


NEPTUNE 

BEST TIME TO SEE: 

1 December, 18:00 UT 
ALTITUDE: 28° 

LOCATION: Aquarius 
DIRECTION: South 

Neptune is well placed at the 
start of the month, managing to 
reach its highest point in the sky 
in proper darkness. By the end 
of December, however, it will be 
located to the west of south as 
darkness falls. It is too dim to be 
seen with the naked eye at mag. 
+7.9, but is an easy binocular 
target. Find it 2.4° southwest of 
mag. +3.7 Lambda (A) Aquarii. 
Mars and Neptune are close on 
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the 31st, only 20 arcminutes 
apart. On 1 January 2017, they 
will be 19 arcminutes apart. 


MERCURY 

BEST TIME TO SEE: 

17 December, 20 minutes 
after sunset 

ALTITUDE: 6° (low) 
LOCATION: Sagittarius 
DIRECTION: Southwest 

Little Mercury ventures out to 
greatest eastern elongation on 
11 December, when it'll appear 
21° from the Sun and visible in 
the evening sky. It then rapidly 
draws back into the solar glow, 
being lost from view as it 
approaches conjunction with 
the Sun on the 28th. It never 
really sets the evening sky on 
fire this month, but the best time 
to see it will be around the 17th 
when it'll appear bright at mag. 
0.0 and will be higher up. 


MARS 

BEST TIME TO SEE: 

31 December, 17:30 UT 
ALTITUDE: 25° 

LOCATION: Aquarius 
DIRECTION: South-southwest 
Mars refuses to give in to the 
draw of the Sun, remaining in a 
similar position relative to the 
horizon as darkness falls all 
month. If anything, the planet 
becomes slightly better placed, 
appearing 7° higher in the sky 
by the end of December than it 
does at the start. Its disc is now 
very small at 6.5 arcseconds on 
1 December, shrinking to just 
5.6 arcseconds by the 31st. It 
remains close to mag. +0.8 
throughout the month. 


SATURN 

BEST TIME TO SEE: 

31 December, 07:30 UT 
ALTITUDE: 3.5° (low) 
LOCATION: Ophiuchus 
DIRECTION: Southeast 
Saturn is in conjunction with 
the Sun on 10 December and 
consquently is not seriously 
visible. You might catch a 
glimpse of its return to the 
morning sky, low in the southeast 
before sunrise on the 31st. At 
this time it will be mag. +0.5. 


arcminutes 
@ Ganymede 


YOUR BONUS CONTENT Planetary observing forms 
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“Halley's floor has remained 
quite unmarked despite its age; the 
largest feature is a 3km craterlet” 


MOONWATCH 


HALLEY 


TYPE: Crater 

SIZE: 36km diameter 
AGE: 3.9-4.6 billion years 
LOCATION: 8.0°S, 5.7°E 
BEST TIME TO OBSERVE: 


First quarter or six days seen 
after full Moon (6 Dec r 
and 20-21 Dec) 

MINIMUM EQUIPMENT: 


2-inch telescope or larger 


For such a prominent figure 
in the world of astronomy, 
. the crater named after 17th- 
g century English astronomer 
& Edmond Halley is a relatively 
$ insignificant affair. It has a 
& diameter of 36km and is nestled 
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in the region between the walled 
plains of 151km Hipparchus 
and 136km Albategnius. 
Halley seems to be part of a 
curved progression of craters of 
decreasing size, of which it is the 
largest. To its east is 30km Hind, 


then 17km Hipparchus C, with 
13km Hipparchus L marking 
the eastern end of the curve. It 
is an old feature as shown by its 
worn rim. To the east and south 
the rim appears quite wide, 
spreading down to a relatively 
flat floor. The rim rises to a 
height around 2.5km above the 
floor and the overall depth of 
the crater relative to the general 
lunar surface is around 1.3km. 
A series of grooves appear to 
emanate from Hipparchus, one 
of which cuts through Halley’s 
western rim, with evidence 
that it has affected Halley’s 
structure. Contrast this with 
another groove passing through 
Hipparchus C. Here the crater 
has clearly been formed on top 
of the groove and remains 
unchanged as a result. 
Despite their proximity to 

Hipparchus, when you look at 
the bigger picture these grooves 


Wine Sy -Gul|De 


< Halley is the largest and leftmost 
of a chain of four shrinking craters, 
the other members being Hind, 
Hipparchus C and Hipparchus L 


and others nearby appear radial 
to the huge Imbrium Basin. They 
are likely to have occurred as a 
direct result of the immense 
impact that formed the basin. 
Their interaction with Halley 
and Hipparchus C indicates that 
Halley must be older than the 
Mare Imbrium, but Hipparchus C 
must be younger. 

Halley’s floor has remained 
quite unmarked despite its age; 
the largest feature here is a 3km 
craterlet in Halley’s southwest 
quadrant. A larger but harder 
to spot crater, 5km Halley K, 
lies right on Halley’s southern 
rim, just to the east of the 
groove mentioned earlier. 

Crater Hind, located east of 
Halley, is of similar age and 
appears to have suffered more 
from the ravages of time. This 
may in part be due to the lack 
of a tangible floor, the bowl- 
shaped crater appearing quite 
distinct in shape but rugged 
inside. It is estimated that the 
outer rim of Hind rises to the 
impressive height of 3km above 
the lowest point of Hind’s floor. 

The immense plain of 
Hipparchus dominates the 
region north of Halley and 
shares the same formation 
period as both this crater and 
Hind. There’s a huge contrast 
in the appearance of Halley 
and Hind with that of 30km 
Horrocks, which sits in the 
northern region of Hipparchus. 
The irregular rim of Horrocks 
looks sharply defined compared 
to Halley and Hind. It also 
shows considerable terracing 
down to an indistinct and 
rather bumpy floor. 

None of these craters show an 
appreciable central mountain 
complex similar to the one 
inside Albategnius, which lies 
southwest of Halley. Here yow’ll 
find an isolated mountain with 
a couple of low extensions to 
the northeast. There is a tricky 
test of resolution here for large 
scopes and imaging setups — a 
craterlet smaller than 1km that 
sits atop this mountain. 
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COMETS AND ASTEROIDS 


Comet 45P/Honda-Mrkos-Pajdusakova gives chase to brilliant planet Venus 
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4 Having a flat southwest horizon is vital if you want to catch the comet before the new year 


Comet 45P/Honda-Mrkos-Pajdusakova 
was discovered on 3 December 1948. It is a 
short-period comet, taking 5.25 years to 
complete each orbit. It had a close approach 
to Earth in August 2011, when it passed our 
planet by 9 million km. On 11 February 2017 


itll reach its closest point for the current 
apparition, 12.6 million km from Earth. 
For the moment the comet is set to brighten 
from a dim mag. +12.2 on 1 December toa 
more respectable mag. +7.1 during the first 
week of January 2017. Its location at the 


start of the month will be somewhat 
challenging as it'll be located close to the 
southwest horizon as the sky gets dark 
enough to see it. There isn’t a great deal oflet 
up in this scenario for much of the month, 
though the increase in brightness will help. 

It starts the month near to mag. +5.0 Chi 
(x) Sagittarii, tracking east-northeast for 
the rest of the month to end up inside the 
main triangular pattern of Capricornus, not 
too far from mag. +4.9 Eta (yn) Capricorni. 
A flat southwest horizon is essential if you 
hope to catch it in December; if that’s not 
possible, next month the comet appears to 
do a sharp bend in the sky, after which 
time it'll be heading towards the northwest. 
This will make it marginally easier to see. 

On 14 December the comet will be 0.7° 
south of the mag. +8.6 globular cluster M75. 
On this date it is expected to be around mag. 
+9.7 and more suited to a telescope than 
binoculars. It will be 0.4° southeast of mag. 
+4.1 Theta (8) Capricorni on the evening of 
5 January and, with a predicted magnitude 
of +7.1, will make a great target for testing 
out any new binoculars you might have 
received for Christmas. 


STAR OF THE MONTH 


Sirius - the Dog Star of Canis Major, the brightest stellar body in the night sky 


The name Sirius derives from 
an ancient Greek word meaning 
‘scorching’, an apt title for the 
brightest star in the night sky. 
Prominent from November through 
to March, its identification can 
be confirmed by following the 
line of Orion’s Belt down to the 
southeast for approximately the 
same distance that Orion is high. 
Its brilliance in the night sky 
is largely due to it being just 8.6 
lightyears away. Sirius’s intrinsic 
luminosity (the amount of energy 
it radiates) is 25.4 times that of 
the Sun, and its brightness (or, 
luminosity at visual wavelengths) 
makes it magnitude 1.5. It is the 
alpha star of Canis Major, the 
Great Dog, and is sometimes 
referred to as the Dog Star. 
Appearing low from the UK, 
Earth’s atmosphere spreads 
Sirius’s light into a spectrum of 
individual colours. Seeing effects 


then jiggle this rainbow in front of 
our eyes making it look as if Sirius 
is flashing vivid colours. Undisturbed, 
Sirius is white although some ancient 
reports described it as being redder 
than Mars! There's controversy about 
such descriptions, especially as 


similarly dated accounts maintain it 
as white. One possible explanation 
is that ‘red’ was often used in writings 
as a metaphor for ill-fortune. 
Detailed measurements of 
Sirius’s position led German 
astronomer Freidrich Bessel to 


Sirius can be found 
southeast of Orion’s Belt, in 
the adjacent constellation 
of Canis Major 


deduce the presence of a 
companion. Now known as 
Sirius B — or more informally as 
the Pup Star — this companion is 
one of the heaviest white dwarf 
stars known, cramming 98 per 
cent of the Sun’s mass into a 
body similar in size to the Earth. 

The Sirius system is estimated 
to be between 200-300 million 
years old and heading towards 
us at a speed of 5.5km/s. It will 
remain the Earth’s brightest night 
star for the next 210,000 years. 

There is a chance that when 
Sirius enters the next phase of its 
life in about a billion years, it 
will swell up as a red giant 
allowing Sirius B to grab some 
of its mass. If enough matter is 
transferred, Sirius B could end in 
a runaway reaction as a Type la 
supernova. Being so close, this 
would have devastating effects 
for life on Earth. 
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STEPHEN TON KIN’S help bring out the colour that will help us to 


identify it. Locate the 4th-magnitude stars 


Lambda (4), Kappa (x) and lota (i) Andromedae, 
way 1a } which form a north-south curve. From lota 


Andromedae, scan 2° west fo the mag. +5.7 


ay December is a good time to return to some familiar — 13 Andromedae. NGC 7662 is 0.5° to the south- 
NSH favourites, two great galaxies among them Beuliwest, open ee on Sth macnnice iar 


with a blue-green tint. You may find that its colour 
is more obvious if you defocus slightly. OO SEEN IT 


> MM Tick the box when you've seen each one is listed as being mag. +5.5 it has a low surface 


brightness, which means that there is little 5 NGC 7686 


1NGC 752 contrast between it and the background sky. We move to the northern Milky Way for 
Mag. +5.7 NGC 752 is an easy open This, combined with its size, makes easier to see our last two objects. Return to Kappa and 
cluster. Locate mag +3.0 Beta (8) Trianguli_ — with 10x50s than a small scope. 1) SEEN IT Lambda Andromedae, and extend a line joining 
(actually the brightest star in Triangulum) and them northwards for the same distance again. Here 
place it at the left of the field of view; the cluster 3 TH E AN DROM EDA you will find an obvious pair of stars 5 arcminutes 
should be near the right edge, just aboveacloe GALAXY apart. Both are members of open cluster NGC 
pair of yellow 6th-magnitude stars, the easily Place yellow mag. +2.0 Mirach (Beta (f) 7686. The brighter of the pair shines at mag. +6.2, 
resolvable double 56 Andromedae. Rising to the Andromedae) at the left of the field of its fainter companion at mag. +7.7. Allow your 
right is a chain of éth- and 7th-magnitude stars, view, then find mag. +3.9 Mu (yp) Andromedae eyes to relax into the binocular view and the 
forming a 1.6%-long asterism shaped like a hockey near the right. Place Mu Andromedae on the left 15-arcminute diameter glow of the background 
stick. 56 Andromdeae is the business end and and the elliptical shape of M31, the Andromeda cluster will become visible, revealing only two or 
NGC 752 the rather large ball. C1 SEEN IT Galaxy, should now be near the right. The three more individual stars. L] SEEN IT 
brighter glow of the nucleus can cut through 
2 THE TRIANGULUM quite severe light pollution but, under good 6 M52 
GALAXY suburban skies, you should be able to see the Imagine a line through mag. +2.2 
You will need a transparent sky and extent of the spiral arms and make out the two Shedar and mag. +2.3 Caph (Alpha 
dark-adapted eyes to glimpse M33, the companion galaxies, M32 and M110, which (a) and Beta (f) Cassiopeiae) and continue it 
Triangulum Galaxy, which sits halfway between —_ appear as large fuzzy stars. F] SEEN IT for 6° to reach open cluster M52. In 15x70s you 
mag. +3.4 Metallah (Alpha (a) Trianguli) and should see around 10 resolved stars against a 
mag. +4.5 Tau (t) Piscium. M33 appears as a 4A NGC 7662 grainy glow in the form of an arrowhead some 
ghostly glow, a slightly brighter patch of sky a We switch to larger binoculars for this 13 areminutes long, clearly distinct from the 
little larger than NGC 752. Although the galaxy planetary nebula, mostly because they Milky Way stars. F1 SEEN IT 
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THE SKY GUIDE CHALLENGE 


So many red stars are closer to orange — but what's the reddest one out there? 


R Leporis 


ORION 


orgs & Rigel 
B : 
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.ERIDANUS 


4 R Leporis is a great red star to see this month, and it’s not too far from stalwart winter constellation Orion 


Astronomy can mislead 
sometimes. For example, 

a spectacular colour photo 

of a galaxy doesn’t always 
accurately depict the reality 
of what you'll see through 

the eyepiece. Also, the term 
‘bright’ doesn’t always mean 
what you think it means when 
it prefixes the word ‘comet’. 
Another example is the use of 
the word ‘red’. 

Take Betelgeuse, the red 
supergiant in the northeast 
corner of Orion. Flip your gaze 
between it and blue-white Rigel 
in the southwest corner, and 
Betelgeuse’s orange hue should 
be obvious. However, it is far 
from being red! Aldebaran in 
Taurus is often described as the 
‘red’ eye of the Bull, but it too 
looks distinctly orange. So this 
begs the question, do any stars 
look truly red? 

The colour ofa star is a 
function of its photospheric 
or ‘surface’ temperature. 
Higher temperatures shift 
peak emissions toward the blue 
end of the spectrum, which to 
our eyes tend to look mostly 


white. Cooler stars have peak 
emissions in the yellow-red 
part of the spectrum and these 
colours tend to register better 
with our eyes. 

One way of quantifying the 
redness of a star is to look at 
its B-V index. This value is 
derived by determining the 
star’s apparent magnitude 
through a blue filter (B) anda 


visual filter (V). Red stars have 
a positive B-V, and the more 
positive the number, the redder 
the star appears. The Sun’s B-V 
index is +0.66 and Betelgeuse 
clocks in at +1.85. 

The star Mu (u) Cephei or 
Herschel’s Garnet Star is often 
described as being really red. 

It has a B-V of +2.35, which is 
promising. Look at it through 


binoculars or a telescope and 
sure enough it has a noticeably 
deep orange colour. 

Looking for more examples 
which are well placed at this 
time of year brings us to 
R Leporis, also known as 
Hind’s Crimson Star. This 
is a variable star swinging 
between magnitudes +5.5 
and +11.7 over a period of 
427 days. During December 
it ll be close to the bottom 
of its range and this is when 
it appears at its reddest with 
an impressive B-V of around 
+5.7. R Leporis does actually 
look red through the eyepiece. 
The astronomer Hind 
described it as looking ‘like a 
drop of blood on a black field’. 
At peak brightness the B-V 
decreases to +3.5. 

To celebrate the Christmas 
month we’ve marked 12 red 
stars, together with their 
B-V index values, on our 
all-sky chart on page 54. The 
location markers should get 
you close enough to find them. 
If you're wondering how to 
recognise each one through 
the eyepiece — well they appear 
red of course! All are variables 
and their B-V values change 
throughout their cycles. 
Typically they appear redder 
when dimmest. 


4 A good way to photograph the colour of red stars such as S$ Cephei (shown here) is to let them trail 
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THE SKY GUIDE 


DEEP-SKY 


TOUR 


Discover a broken planetary 
nebula, a one-time wanderer 
and a red dwarf double 


IM Tick the box when you've seen each one 


1 CAPELLA HL 


The bright star Capella in 
SS) Se) Auriga is an easy spot, passing 
almost overhead in the December nights. 
Yet its appearance is deceptive: the system 
is not one star at all, but rather a close pair 
of giant yellow suns. This is a binary system 
with an orbital period of 104 days. 
Unfortunately, it is too close for amateurs 
to split, but it is in mutual orbit with another 
binary formed from a pair of dim red 
dwarfs named Capella H and Capella L. 
A small telescope will show orange, mag. 
+10.2 Capella H with ease. Capella L is 
a harder spot, being only 3 arcseconds 
south of Capella H and mag. +13.7. 
You'll need a large scope to split them 
convincingly. C] SEEN IT 


2 COLLINDER 62 


Bright Capella sits at the pointed apex 
of an acute isosceles triangle that has 
mag. +3.2 Eta (n) Aurigae and +4.2 open 


cluster Collinder 62 as its base. This is 

a relatively sparse and weak cluster 
highlighted by a mag. +5.5 star in the 

field of view. This star is one vertice of 

a right-angled triangle formed with two 
8th-magnitude stars. Another of similar 
brightness sits in the middle of this triangle’s 
longest edge. The main cluster stars 
surround this pattern, but in all honesty 

are hard to separate from the background. 
There is an attractive pair of 10th-magnitude 
orange stars located 9 arcminutes to the 
northeast of the main cluster pattern 


described. [1 SEEN IT 


31C 2149 


For our next target, first locate the star 

known as Menkalinan, mag. +1.9 Beta 
(p) Aurigae. Shift your gaze 1° to the north of 
this star to find mag. +4.3 Pi (x) Aurigae, and 
from there look 40 arcmimutes to the west. 
This brings you to IC 2149, a mag. +10.6, 
15x10-arcsecond planetary nebula. At low 
magnification it looks just like a blue-coloured 
star forming the centre point in an M-shaped 
asterism. Increasing power to 250x shows a 
star with direct vision, but looking slightly to 
the side with averted vision reveals the 
nebula’s disc. An Olll filter helps reduce this 
blinking effect by dimming the mag. +11.6 
central star and allowing the nebulosity to 
dominate. When viewed at higher 
magnifications, there is a noticeable elongation 
west-northwest to east-southeast. [] SEEN IT 


A NGC 2281 


Imagine a line from Capella through 
Menkalinan and continue it for a 
fraction over the same distance again. This 


< Globular cluster NGC 2419 
in Gemini appears to sit at 
the end of a chain of 
three increasingly 
bright stars 


THIS DEEP-SKY TOUR 
HAS BEEN AUTOMATED 


ASCOM-enabled Go-To 


mounts can now take you to 


this month’s targets at the 
touch of a button, with our 
Deep-Sky Tour file for the 
EQTOUR app. Find it online. 


will take you to a mag. +5.4 open cluster, 
NGC 2281. The cluster is relatively bright 
and easy to see through a small scope. 
Having said this, if you're trying to locate 
it manually, it lies in a rather barren part 
of the sky, close to the 5th-magnitude star 
Psi” (w”) Aurigae. A 6-inch scope shows 
about 30 stars and a rather attractive 
diamond asterism toward the centre. There 
are some lovely star colours to be seen 
here too, so start off at low magnification 
to take it all in. The cluster is about 

15 arcminutes across. F] SEEN IT 


5 NGC 2419 

Mag. +10.4 globular cluster 
SS) NGC 2419 can be found 
by extending a line from Menkalinan to 
NGC 2281 and carrying it on for the same 
distance again while veering slightly north. 
It's also 7° to the north of mag. +1.9 Castor 
(Alpha (a) Geminorum). It is a small, 
4.1-arcminute globular at the northern end 
of an attractive curve of three stars of 
increasing brightness. Large scopes show 
a 2-arcminute concentration, which appears 
textured and irregular in shape. NGC 2419 
lies an impressive 300,000 lightyears from 
the centre of the Milky Way and was once 
thought to be unbound from our Galaxy, 
a characteristic which garnered it the 
nickname ‘Galactic Wanderer’. It is now 
considered a very distant member of our 
galaxy’s globular family. [1 SEEN IT 


6 JONES 1 


Our final target, planetary nebula 

Jones 1, is best suited to 12-inch or 
larger instruments. Imagers may also find 
this interesting. It lies 2.7° northwest of the 
mag. +4.8 star 27 Lyncis. You may be able 
to see it under good, dark skies with an 
8-inch scope, but it won't have much form. 
Jones 1 shows as a broken ring of two 
opposing arcs. Averted vision is essential 
to pick it out, although an Olll filter may 
permit direct vision. Use a medium 
magnification of 150-200x for the best 
view. The nebula is about 5.5 arcminutes 
across and listed as a 14th-magnitude 
planetary with a 16th-magnitude central 
star. It’s a real challenge with which to 
wrap up 2016. EL] SEEN IT 


Print out this chart and take an 
automated Go-To tour 
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Catching the Pup 


RECOMMENDED EQUIPMENT 


8-inch or larger telescope, infrared filter, high frame rate camera, Barlow lens 


1995/2045 , 


1994/2044 | 
(periapsis) 


ALL PIUCTURES: PETE LAWRENCE 


Sirius A 


2040° 


Orbit of 
Sirius B 


Sirius, the brightest star in the night sky, 
is perfectly positioned for an interesting 
imaging challenge this month. Back in 
1844 it was noticed that high precision 
measurements of the star’s position 
showed that it was wobbling. This was 
deduced to be down to a heavy and 
unseen companion. Then in 1862 the 
companion was seen, confirming that 
Sirius, the Dog Star, was a binary system. 
Unsurprisingly the companion was given 
the nickname the Pup Star. The two stars 
are also known as Sirius A and Sirius B. 

Sirius A is a main sequence star twice 
as massive as our own Sun but 25 times 
as luminous. Sirius B is a white dwarf 
star, the remnant of a main sequence 
star that has run out of fuel. This state 
of stellar evolution results in a dense object 
— Sirius B has a mass almost that of our 
Sun but compacted into a sphere about 
the same size as the Earth. 

Sirius A and B are separated by around 
20 AU, which is roughly the same distance 
between Uranus and the Sun. They orbit 
around their common centre of gravity 
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8 Jan 2011 


2015 


+ 2019 (apoapsis) 
f 2020 


* 2025 Sirius B is approaching 
maximum separation 
from its much brighter 
companion; inset: the 
Dog Star’s two member 
stars, side by side 


once every 50 years. The apparent 
separation of one star from the other 
changes as seen from Earth, and at 
present we are in a good period for 
splitting them as their apparent separation 
is approaching its maximum value. The 
next apoapsis — the point where both 

stars appear separated by their greatest 
amount — is in 2019. 

At present, the separation isn’t too far 
from maximum, so this is a great time to 
try and split the pair both visually and 
photographically. It is important when 
using a camera to understand just how 
close they appear to one another. The 
apparent separation is almost 11 arcseconds, 
or one-quarter the apparent diameter of 
Jupiter at next opposition. 

Another, perhaps more visual example 
of how close they are can be had from 
mag. +2.2 Mizar, in the handle of the 
Plough. This is a wide, naked-eye binary 
with bright Mizar separated from dimmer 


DJ Send your image to: ho 


ie) ASTROPHOTOGRAPHY 


Alcor by 11.8 arcminutes. Brighter Mizar 
is double again, with a pair separation of 
14 arcseconds. Take a photo of this system. 
If you fail to record the closer pair as 
separate stars, then you'll need to increase 
the focal length of your setup. 

Sirius A shines at an impressive mag. —1.5 
while Sirius B is mag. +8.4; making Sirius A 
8,970 times brighter than its companion. 
The biggest challenge in photographing the 
two together is dealing with this enormous 
difference in their apparent brightness. On 
a winter’s night, the glare from the first will 
spread outward to engulf the second. The 
sky plays a cruel trick on Sirius B hunters, 
placing another mag. +8.5 star 5 arcminutes 
from the actual pair. This star is often 
mistaken as Sirius B, the unwary not realising 
that the real deal is 1/27th the separation. 

There are various techniques you can 
employ to catch the Pup. These include 
placing Sirius outside the field of view or 
employing the services of an occulting bar 
—an optical device which can block the 
light of the main star. Imaging in twilight 
can also help, as this causes the light from 
Sirius A to be less harsh. 

Long exposures are not ideal because 
low-altitude Sirius is prone to jiggle about 
at high magnification due to atmospheric 
turbulence. This increases its apparent 
size on the imaging frame, and Sirius B 
gets swallowed up. The technique we 
outline here uses a planetary camera and 
an infrared-pass filter to make catching 
the tricky Pup far easier. 


KEY TECHNIQUE 


REVEALING THE PUP 

Sirius B, the Pup Star, is a tricky thing to 
catch with a camera. Despite the fact that 
it's not overly faint, it’s the close proximity to 
Sirius A that causes trouble, allowing the 
Pup fo hide in the primary star's glare. One 


of the interesting things about astro imaging 
is experimentation — the following method 
for catching the Pup was discovered one 
night after a planetary imaging session. 
Swinging a camera fitted with an infrared- 
pass filter on a long effective focal length 
telescope revealed the presence of the Pup 
with relative ease, so creating an ‘easy’ 
way to catch this elusive companion. 
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Veale SAY GUIDE 


STEP 1 


The image scales 
required to separate 
the Pup from Sirius A 
are on a par with 
those used to obtain 
recognisable discs of 
the brighter planets. 
Consequently, use a 
telescope fitted with 
a high frame rate 
camera that can 
deliver a reasonably 
sized disc for Jupiter. 
The Pup is currently 
separated from 
Sirius A by about 
one-quarter the 
apparent size of 
Jupiter's disc. 


STEP 3 


An infrared-pass 
filter does an 
amazing job of 
dimming Sirius A 
while still permitting 
Sirius B to be clearly 
recorded. The filter 
must be fitted in 
front of the camera 
chip, either by 
screwing it into the 
camera’s nosepiece 
or by using a filter 
wheel. The latter 
method has the 
advantage that a 
normal luminance 
filter can be used 


STEP BY STEP 


STEP 2 

Larger image scales 
can be obtained by 
inserting an optical 
amplifier such as a 
Barlow lens between 
the camera and the 
telescope. This will 
make the separation 
easier to reveal, 

but it also has the 
detrimental effect 

of making Sirius 
and the Pup appear 
dimmer. Only use 

a Barlow if you’ve 
already used it 
successfully on the 
Moon or planets. 


STEP 4 


DECEMBER 65 


Locate Sirius visually using a low-power eyepiece. Focus isn’t important 
here, just the ability to identify and centre Sirius in the field of view. 
Carefully replace the eyepiece with your camera. Don’t use an optical 
amplifier at this stage. Locate Sirius on screen. If focus is out, adjust 
exposure and gain. Roughly focus and centre the star. 


for the initial location 
and rough focusing 
on Sirius A. 


@ 
STEP 5 STEP 6 
If you intend to use an optical amplifier, carefully remove the camera Capture the scene as a sequence file (eg AVI or SER) as you would for 
and fit it now along with the infrared-pass filter. Replace the camera a normal planetary capture. Several hundred frames should suffice. 
and up the exposure and gain until you can see evidence of the star. Process the capture with a registration-stacking program — RegiStax is 


Re-centre and focus. Adjust for high gain and short exposure to reveal _ particularly effective at processing point source captures such as this. 
Sirius B. Bring the gain down if possible, while keeping the Pup visible. _ Finally, record the details of the image, preferably on the image itself. 
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Fixing noise makes a 
monumental difference: on 
the right is the single best 
frame from a video 
of Jupiter, on the left 
the final edit 


SIS 


ee 


Are your planetary images suffering from the graininess of noise, 
even after stacking? Does post-processing only make it worse? 
Martin Lewis might just have the answers you need 
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68 


ver the past 20 years digital 
video imaging has developed 
to become the leading way of 
recording planetary detail. The 
method uses a high frame rate planetary 
camera to capture a stream of hundreds 
or thousands of digital frames, the best of 
which are aligned and stacked to produce 
a single master frame in which most of 
the blurring effects of our atmosphere 
have been averaged out. This stack is then 
sharpened with dedicated software to draw 


out surface detail and produce wonderful 
planetary images. 

To make the most of this technique, each 
exposure needs to be brief enough that it 
isn't too blurred by the constant agitation 
of the atmosphere. Yet the short exposure 
times combined with the low surface 
brightness of most planets means that 
each frame tends to look quite grainy 
or noisy — similar to when you take a 
photo indoors in poor light. Although 
adding many frames together reduces 


this noise, the noise can return when 
processing is then applied to tease out 
the real planetary detail. 

Noise in the finished image is a 
problem as it can drown out the fine 
planetary detail you want to show and 
destroy smooth gradients in brightness 
and colour. Here we’re going to look 
at how image noise arises in digital 
video imaging and what you can do 
to minimise it — so you can produce 


better looking planetary images. 


[1] An example of the best single frame from a video taken of Mars; a lot of noise is apparent 
[2] An aligned stack of the best 1,000 video frames of Mars shows that noise has been minimised and atmospheric movement averaged out 
[3] The aligned stack has been processed to bring out the planet's details, but this has brought the noise out too 

[4] Here, several stacks have been combined in freeware program WinJUPOS and noise reduction has been applied 


What causes noise in 


We're all pretty familiar with what noise 
looks like, but what actually causes it? Well, 
noise in images is the unwanted variation 
in pixel to pixel brightness, which interferes 
with the true brightness variation of the 
object in an image. For planetary imaging 
there are only two sources of pixel noise that 
generally matter: read noise and shot noise. 
Read noise is electrical circuit noise that’s 
added to the image signal from each pixel 
when it is read from the sensor chip. It is 
generally not an issue for planetary imaging, 
unless you are using narrow bandpass 
filters or the object isn’t very bright — the 
latter applies to Uranus and Neptune. In 
these cases read noise can start to become 
a nuisance, especially if the camera suffers 
from it occurring in obvious bands or lines. 
Shot noise is the main source of noise 
in planetary imaging and arises due to the 
particle nature of light. Photons from an 
object arrive at random intervals, meaning 
that the number captured by a pixel during 
one frame fluctuates. With all the image 
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individual 
frames 


: 


pixels randomly fluctuating in this way, 
the planet’s image looks noisy. 

The magnitude of the pixel shot noise 
during a frame is equal to the square root 
of the number of photons captured. A pixel 
signal of 100 photons has 10 photons of 
shot noise, whereas for a signal of 10,000 
photons the shot noise is 100 photons. 
Although the noise has increased by 10 
times, the signal has actually increased 
by 1,000 times. However, the signal to 
noise ratio — the key measure of the shot 
noise — is 10 times better. For each pixel, 
the higher the number of photons 
captured in each frame, the lower the 
shot noise is relative to the signal. 

You can improve the signal to noise ratio 
of individual frames by using a camera 
with a more efficient chip or by increasing 
the photon count per pixel. There are a 
number of ways to do the latter, including: 
> Using a larger scope 
> Increasing the exposure time, which can 
lead to worse atmospheric smearing effects 


A Individual frames of Mars taken with 
an 8-millisecond exposure (top) and a 
2.5-millisecond exposure (bottom); note 
that the latter has worse shot noise 


> Using a camera with larger pixels 
or imaging at a shorter effective focal 
length, both of which spread the 
light over fewer pixels, which can 
reduce resolution. 

Although noisy frames can make 
focusing more difficult, don’t worry 
unduly about noise in individual frames. 
What matters is the noise after the 
frames have been stacked. 
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Stack your frames to 


reduce shot noise 


By stacking your frames you'll reduce 
random noise, and this reduction depends 
on the size of the stack. By recording for 
longer you can reduce the noise in the 
stack. In fact, shot noise reduces by the 
square root of the number of frames in the 
stack. Thus an imaging run that gathers 
four times as many frames will give a stacked 
image with half the amount of noise. 


Noise reduces as stack size increases. From 
left to right: noise in a single frame of Jupiter's 
Great Red Spot, noise in a 10-frame stack 

and noise in a 100-frame stack 


The square-root relationship between 
shot noise and both the number of photons 
gathered and the number of frames in the 
stack gives rise to a key principle of great 
importance in planetary imaging: the 
amount of shot noise in the stacked image 
is solely dependent on the accumulated 
exposure time, regardless of the noise in 


[1] Best frame of a two-minute recording at 60-millisecond exposure; gain 60x, low shot noise 
[2] Processed stack using best 30 per cent of the 2,000 frames in the recording 

[3] Best frame of a two-minute recording at 15-millisecond exposure; gain 240x, high shot noise 
[4] Processed stack using best 30 per cent of the 8,000 frames in the recording 


the individual frames. You can choose short 
exposures (and raise the gain to give good 
screen brightness to allow focusing) or 
longer exposures (and lower the gain), but 
if you gather photons for the same overall 
duration the noise of the resulting stack 
should be the same. This is because when 
the overall duration is the same, shorter 
exposures will enable you to gather more 
frames and the increased number of frames 
will compensate for the increased noise. 
Not having to worry so much about 


what exact exposure and gain settings you 
use has advantages. It means than on fainter 
subjects, like Saturn, you can set a shorter 
exposure than you might otherwise select 
and bump the gain right up, knowing that 
you will make up for the short exposure’s 
high shot noise by ending up with more 


frames to stack. This method of more 
frames at shorter exposures and higher 
gain reduces atmospheric smearing, 
producing better images overall. It does, 
however, assume that your camera and 
computer can cope with the higher frame 
rate without dropping frames. 

Compare the shots of Saturn, above. The 
second image from the left was captured at 
low gain and long exposure, the rightmost 
image at high gain and short exposure, but 
accumulated exposure time is the same. 
Long exposures give less noise for a single 
frame. However, the noise is the same in 
the two identically processed stacked images. 
Note the improvement in detail in the 
rightmost image is due to the significantly 
shorter exposure, meaning there was less 
smearing due to atmospheric movement. 
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help'an image? 


It may surprise you to know that noise Thankfully, you don’t need to resort to 
sometimes serves a useful function too. a slower 16-bit camera, though. Stacking 
Almost all planetary imaging is done programs like RegiStax and Autostakkert 
using 8-bit cameras with 256 grey levels. (www.autostakkert.com) will take many 
For satisfactory wavelet processing, 8-bit images and create a stacked 16-bit 
however, the image needs to have image capable of further processing. But 
much finer greyscale resolution: wavelet they can only do this if there is sufficient 
processing works best on a 16-bit image random noise in the signal to allow it to 
with 65,535 grey levels. effectively calculate the intermediate grey 


levels by an averaging process. This is where 
shot noise helps out. If you were to drop 
the gain down and increase the exposure 
time, the signal would be so high that there 
would be little shot noise, affecting your 
ability to optimally convert the image.@ 
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[1] Normal noise in 8-bit images leads to a 16-bit stacked image like this one after processing in RegiStax to pull out detail 
[2] Too little noise effectively leaves an 8-bit image after stacking, with obvious errors on processing, seen especially on the left of the picture 
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»» — launch of the first Soyuz rocket. 
lain Todd explores the history 
of one of space engineering's 
greatest achievements ~ 
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VY Soyuz 4 as seen from 
Soyuz 5, just before the 
two made history as the 
first manned spacecraft 
to dock in space 


Vi 


n 28 November 1966 the first Soyuz 
rocket blasted off from the Baikonur 
Cosmodrome, beginning a remarkable 
50-year history that has seen it become 
the default vehicle for international spaceflight. 


The rocket’s development was ultimately a result ~ 


of the Soviet Union’s desire to keep its foothold in 


the Space Race. When US President John F Kennedy 


announced his intention to send a man to the 
Moon in May 1961, the Soyuz rocket was the 
Soviet response. It would, as we now know, 
outlive all other spacefaring rockets of its era. 

The rocket was developed in the early 1960s 
by space engineering firm OKB-1, which at the 
time was headed by Sergei Korolev. The decade 
before Korolev had designed the world’s first 
intercontinental ballistic rocket, the R-7, and this 
had already formed the basis for the development 
of the Vostok rocket — which carried Yuri Gagarin 
into space in April 1961. From Vostok, he would 
create a and Soyuz rockets, both 
within the space of five years. This period also saw 
the development of two cosmodromes, Baikonur 
in Kazakhstan (at the time a Soviet republic) and 
Plesetsk in northwest Russia. 

Korolev died in January 1966 and never saw the 
Soyuz rocket in operation. His creation was 


groundbreaking, especially in the way it launched. 


As a rocket uses up fuel, empty compartments 
create dead weight, so Korolev and engineer 
Valentin Glushko developed a three-stage launch 
process, enabled by a five-booster formation that 
lends the Soyuz rocket its distinctive flared shape. 
During lift off the four outer boosters consume 
their fuel then detach when they are about 40km 
above ground, leaving a central core booster to 
carry the rocket upwards. Shortly afterwards, the 
protective shield around the payload and the 
second stage rocket are both jettisoned, leaving 
the third stage, already 170km above Earth, to 
continue firing. Once about 220km high, within 


SOYUZ ANNIVERSA 


Colonel Vladimir Komarov 
gives a speech shortly 
before his ill-fated flight 


Po Ge 


low-Earth orbit, its last engine detaches and the 


Soyuz spacecraft (which bears the same name as 
its launch rocket) continues towards its destination. 


Docking drama 

It wasn’t long after its development that the Soyuz 
rocket was put to the test. The US had already 
achieved the first docking of two spacecraft — one 
of which was unmanned — on 16 March 1966, and 
the Soviets were not to be outdone. But their first 
docking attempt would end in tragedy. Colonel 
Vladimir Komarov launched on the Soyuz’s first 
manned mission on 23 April 1967 and was to 

dock with a second spacecraft, but complications ». 
caused the mission to be aborted. Komarov 
attempted re-entry, but his spacecraft’s parachute 
failed to deploy correctly and he was killed as his 
capsule plummeted to Earth. 

The next attempt occurred on 25 October 1968. 
Georgi Beregevoi managed to get within 200m of 
his target, but was unable to dock. This endeavour 
was finally achieved on 16 January 1969, when 
Soyuz cosmonauts accomplished the first docking 
between two manned spacecraft, Yevgeni Khrunov 
and Alexei Yeliseyev passing from their spacecraft 
into another helmed by Vladimir Shatalov. 

Soviet ambitions increased and so did the 
power of the Soyuz. On 24 November 1970, a 
Soyuz-L rocket carried the Soviets’ lunar lander 
into low-Earth orbit to prepare for a mission 
to the Moon. The Soyuz-L featured reinforced 
boosters to carry the lunar lander and, although 
it made only three flights between November 
1970 and August 1971, its design influenced 
the Soyuz-U rocket, which still serves the 
International Space Station to this day. 

The Soviet space programme continued to 
expand with the Soyuz rocket at the centre 
of its ambitions, but tragedy was not far away. 

On 22 April 1971, a Soyuz rocket transported 
three cosmonauts up to Salyut 1, the first space 
station of any kind, but they couldn’t enter due 

to a fault in the docking unit and the mission had to 
be aborted. Docking was achieved on 7 June 1971 > 
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> during the follow-up Soyuz 11 mission, but a 
malfunction during the return trip to Earth at the 
end of the month led to a sudden loss of atmosphere 
in the descent module, killing all three men aboard. 
Cosmonauts Vladislav Volkov, Georgi Dobrovolski 
and Viktor Patsayev had been protected against the 
chill of space, but not depressurisation. The disaster 
meant all future missions would require cosmonauts 
to wear spacesuits while in the spacecraft. 

In July 1973, cosmonauts Alexei Leonov and 
Valery Kubasov visited NASA’s Johnson Space 


ESA/NASA 


4 Samantha Cristoforetti in training inside 
a full-scale mockup of the Soyuz capsule 


ILLUSTRATION BY PAUL WOOTTON, NASA, ESA-S.CORVAJA/2014, ©SCIENCE-MUSEUM, SPUTNIK/ALAMY STOCK PHOTO, NASA/YOUTUBE, 
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Center in Texas in preparation for Apollo-Soyuz: 
the first docking of spacecraft from different 
countries. The proverbial — and literal — shaking of 
hands between the two Cold War superpowers was 


1,640 


4 A Soyuz rocket can 
take you from terra 
firma to Earth orbit 
in under nine minutes 


a milestone for spaceflight. The docking module 
was a combined US-Soviet effort, and each crew 
had learned the other’s language. The Soyuz-U 
rocket flew its first manned flight on 2 December 
1974 as a trial run for the Apollo-Soyuz mission. 
The successful docking occurred on 17 July 1975, 
Soyuz commander Alexei Leonov greeting Apollo 


“The Soyuz uses a liquid fuel engine 
and starts off very smoothly. In fact, 
you barely feel you are lifting off and 
have to rely on people on the ground 
telling you that you are moving! It 
doesn’t feel like the big momentous 
rocket launch you might imagine. Your 
helmet is closed so the main thing you 
hear is the fan circulating air in your 
suit, which is pretty loud. 

The trick of a rocket engine is that 
you bring all the fuel with you, so the 
longer the flight time, the lighter it 
becomes. This makes it accelerate and 
translates into G-force pushing you 
back into your seat, making you feel 


WHAT'S IT LIKE TO RIDE THE SOYUZ? 


ESA astronaut Samantha Cristoforetti recalls her experiences of 
lifting off from the Baikonur Cosmodrome atop a Soyuz rocket 


heavier and heavier. But, after eight or 
nine minutes you go from feeling about 
four times your own weight to all of a 
sudden being completely weightless. 

Some who have flown on the Soyuz 
rocket do recount a feeling of anxiety 
during the launch, but in my case it was 
just sheer happiness as | was so thrilled 
to be going into space. Most of us feel 
quite comfortable riding in the Soyuz 
because it is so reliable. I’m sure it’s 
different if you are riding a brand new 
rocket because you are flight-testing it 
and are going to be more anxious than 
if you are in the Soyuz, which has such 
a long and successful safety record.” 
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KOROLEV’S LEGACY 


What sort of a man was Sergei Korolev? We asked Doug Millar, deputy 
keeper of technologies and engineering at London's Science Museum 


“Korolev was very much a pioneer, a in the West, so they had to make do with during the Cold War, and the Soviet space 
remarkable man. He was the chief what they had. But if you look at the Soyuz programme was really indistinguishable 
designer, a very good and able engineer, rocket, it’s a beautiful design. It was initially —_from its military. 
and that involved being able to manage designed to carry nuclear warheads, which It’s a tragedy he 
many large organisations. He knew it wasn’t very good at. The problem was that _ died in 1966, as 
exactly what was required and had the it took long to fuel up — about seven minutes _| suspect he 
energy, the imagination and the foresight | — so by the time you went to all that trouble, could have = ~== 
to see it through. He had to marshal a your enemy would have taken out your silo gone on to Pe 
large number of different design bureaux or launch site. As a missile, it wasn’t very achieve even 

— engine designers like Valentin Glushko good, but as a space launch vehicle it was 


greater things.” ~~ 
and Vasily Mishin - overseeing support excellent and continues to be so to this day. re. 4 
systems, navigation, guidance, structures, Korolev remained anonymous until after NS " 
ae 


and how to launch it. No one had done his passing in 1966, when he was given a 
this before; it was all new. state funeral, but there were reasons for 

Resources, relatively speaking, were in this. We shouldn’t forget that the Soyuz . 
far shorter supply in the Soviet Union than _rocket’s development was taking place 


Unshaken, the Soviets continued to send 
the Soyuz-U rocket into space and it would 
eventually deliver Expedition 1, the first resident 
crew to the International Space Station, on 
2 November 2000. Another major milestone in 
spaceflight history occurred in July 2011, when 
the American Space Shuttle fleet was retired. 
From then on the five space agencies behind the 
ISS — NASA, Roscosmos, JAXA, ESA and CSA 
— have used Soyuz rockets to fly crews into orbit. 
On 21 October in the same year, ESA launched a 
Soyuz ST-B rocket from its spaceport in French 
Guiana: the first to be launched outside the 
former Soviet Union. 


' Since its inception, the Soyuz rocket has been 


‘ 


at the heart of space exploration; its durability a 
testament to Korolev and his team. That it would 


4 The moment Thomas commander Thomas Stafford with the words one day become the go-to vehicle to carry both 
Stafford and Alexei “glad to see you”, to which Stafford replied cosmonauts and astronauts into space would 
Leonov shook hands, “A, zdravstvuite, ochen rad vas videt” — Ah hello, have been beyond Koralev’s comprehension. Yet, 
making history in the very glad to see you. The event was not enough 50 years on, the Soyuz rocket has become not just 
midst of the Cold War to douse Cold War tensions, but the docking was a symbol of ambitious Soviet engineering or of 

nevertheless a precursor to the Soyuz rocket’s Cold War technology, but of a united humanity, 

current use by many spacefaring nations. exploring the stars as one. @ 

Within seconds of tragedy The Soyuz spacecraft’s 

Developments and upgrades continued throughout more recent missions 

the decade, but a rocket with a history as long as the include ferrying Tim 


Soyuz cannot be without its hitches. Commander Peake to the ISS 


Vladimir Titov and Gennady Strekalov came within 
B Bo seconds of tragedy on 26 September 1983, as they sat 
in the capsule atop a Soyuz-U rocket preparing for a 
oe » meme mission to service the Salyut 7 space station. Spilled 
| fuel was to blame for the spacecraft erupting in 
flames, burning the control cables to its automatic 
A selection of programmes ejector escape system. Mission control manually 
about the Space Race activated the escape system, firing the spacecraft 
is available to view on ‘ ; 
the BBC iPlayer at http:// and its passengers 4km away from the towering 
bbc.in/IsaHrGY inferno mere seconds before it exploded, saving the 


two cosmonauts’ lives. 
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Inferior and superior planets 


Why some planets show us a series of phases like the ones we see on the Moon 


With 
Kev Lochun 


4 Venus’s disc appears to grow in size as its phase shrinks, a quirk of its ‘inferior’ orbit - the same effect can be observed with Mercury 


ook at the Moon from one night 
to the next and you will see that 
even though it presents the same 
face towards us, the fraction of 
the lunar surface that we see as illuminated 
changes. Over the course of 29.5 days, our 
close companion progresses through a 
complete cycle of phases, from new Moon 
to a slender crescent, then a bulging 
gibbous and finally a full Moon, after 
which the sequence plays out in reverse. 
Once the cycle is complete, it begins anew. 
Yet our Moon is not the only body in the 
Solar System we can see doing this from 
our vantage point on Earth. To the naked 
eye, Mercury and Venus appear as bright 
star-like entities, but turn a telescope on 
either one of them — even a small instrument 


such as a 3-inch refractor will do — and you 
will be able to see that they exhibit phases 
in much the same way as our constant 
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companion. In fact, it was Galileo’s 
discovery that Venus parades through a 
series of phases in 1610 that provided the 
unassailable proof that Copernicus had 
been right all along — the Sun really was 
the centre of the Solar System. But why do 
we see phases on these worlds and not, say, 


Saturn? Well, it’s all a matter of perspective. 


Inner, not lesser 

Mercury and Venus are both known as 
inferior planets; actually they are the only 
two inferior planets in the Solar System. 
Inferior, in this context, describes the fact 
their orbits both lie entirely within Earth’s 
orbit, rather than suggesting they are some 
lesser class of celestial body. It’s because of 
this position relative to Earth that we can see 
their changing illumination, though the phase 
cycle doesn’t quite play out in the same 
way as it does with the Moon. Though the 


basic tenets are the same, the outcome in 
terms of what we can see is a little different. 
Imagine youre looking down on Earth, 
the Sun and Mercury (though this example 
equally applies to Venus), and that they are 
ina line with Mercury in the middle. This 
is the point you might colloquially call 
‘new Mercury’, but is properly referred to 
as inferior conjunction. Here the planet is 
invisible: even if you could pick it out of 
the solar glare, there is no light shining on 
the Mercurian hemisphere facing Earth. 
As the planet moves through its orbit it 
gains angular distance from the Sun, 
causing it to appear in the morning sky as a 
crescent. Mercury gains its half-illuminated 
phase (known as dichotomy) when it reaches 
its greatest angular separation from our 
star, a point known as its greatest elongation. 
Venus, quite oddly, does not. It reaches 
dichotomy a few days after its greatest 


Superior conjunction 
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elongation 
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SUPERIOR PLANETS 


4 How the orbital paths of the inferior planets (left) give rise to a sequence of phases, while those of the superior planets (right) lead to oppositions 


elongation when in the morning sky and 
a few days early when in the evening sky. 
From here Mercury becomes gibbous and 
begins to edge closer the Sun, eventually 
becoming lost in the solar glare once more 
as it approaches its ‘full’ phase, or superior 
conjunction, on the far side of our star. When 
the phases begin to play out in reverse, the 
planet will emerge into the evening sky. 
This is starkly different to the situation of 
Mars, Jupiter, Saturn, Uranus and Neptune 
—the superior planets, so called because their 
orbits all lie beyond Earth’s. We can never 
see these planets in a new or crescent phase. 
Of the five, only Mars can resemble a gibbous 
phase, and even then it is a long way from 
the classic, 75 per cent illuminated bulge. 
There are two points of note in the orbit 
of a superior planet. The first is opposition, 
when the Sun, Earth and planet align with 
the Earth in the middle. In other words, for 
observers on Earth the superior planet appears 
to be in the opposite part of the sky to the 
Sun. The second is conjunction, when the 
Sun is in the middle of the alignment; in 
this case the planet is lost in solar glare. 


Why it makes a difference 
All of this has practical observing 
connotations. Astronomers tend to look 
forward to oppositions, because this is when 
a superior planet looks its best: planets at 
opposition are often at the closest point in 
their orbits to Earth, so can appear bigger 
and brighter; typically they are also visible 
all night long and culminate (reach their 
highest point in the sky) in darkness. For 
Mars, Jupiter and Saturn, oppositions can 
offer a huge boost to a planet’s observing 
prospects; Uranus and Neptune, being 
dimmer and more distant, less so. 

For the inferior planets, the situation 
is a little more complex, in the sense 


that they never stray too far from the 
Sun. This means that they are typically 
stuck low down in the sky, and either 
rise shortly before the Sun or set not 
long after it. As a result, the best time to 
see an inferior planet is arguably when it is 
at greatest elongation, as this is when the 
period between Sun and planet rising or 
setting is at its greatest. For Venus the 
greatest elongation is 45-47°, while for 
Mercury it is 18-28° — the variation stems 
from both planets having elliptical orbits. 
You should also bear in mind that the 
apparent diameter of any planet will 
change as it moves through its orbit. For 
the inferior planets, this means that fuller 
it becomes, the smaller the apparent size 


Due to their closeness to 
the Sun, you'll only ever 
see Venus (shown here) 
and Mercury in the late 
evening or early morning 
close to the horizon 


of its disc. Consequently, and somewhat 
counterintuitively, Venus is at its brightest 
when it is a slender crescent because it is 
much closer to Earth at this time. 

If you think this sounds a little bit 
confusing, you have not been the only one. 
The Ancient Greeks were convinced that 
the Venus that appeared in the morning 
and the evening were different celestial 
objects. To them, the body known as the 
Morning Star was Phosphorus and the 
Evening Star was Hesperus. They fell into 
the same trap with Mercury too: it bore the 
names Apollo and Hermes, respectively. @ 


Kev Lochun is BBC Sky at Night 
Magazine’s production editor 
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Dark Skies Jewellery 

To celebrate the Gold Tier Dark Sky status, which has been awarded 
to 1,500 sq. km. of rural Northumberland by the International Dark 
Sky Association, the artist has used stunning images of planets, 
galaxies and nebulas to create a range of jewellery that includes 


New Moon Rising 


Revolutionary English watchmaker Christopher Ward has released a earrings, cufflinks, bangles, pendants, pins and key rings. Each piece 
distinctive new watch, the C? Moonphase, powered by an innovative comes with a high quality photo card containing information on the 
new Johannes Jahnke module, Calibre JJ04. The new movement, reverse. This unique collection of jewellery has been greeted with 
accurate to within one day every 128 years(!) also delivers a delight by the star gazing community and would make an ideal gift 
perpetually moving, generously-sized moon display. It's enough to for Christmas. To see the entire range and buy online please visit 
have wolves (and watch aficionados) everywhere howling with delight. www.darkskiesjewellery.co.uk 

Available exclusively at www.christopherward.co.uk from or telephone 01830 540346 


November. Prices from £1295. 
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The low-effort way to trace the path of the Sun across the sky 


4 A six-month, solstice to solstice solargraph exposed from the UK during 2011 


olargraphy is an easy branch 

of astrophotograpy to get 

involved in, and one that 

delivers impressive results for 
little effort — so long as you are prepared 
to wait. A solargraph is a long-exposure 
star-trail type of image, but rather than 
tracking the night sky rotating around 
the north celestial pole, it shows the path 
of our Sun across the sky. And we really 
do mean long exposure. The solargraph 
capture you see above had an exposure 
time of six months. 

Capturing this type of photo doesn’t 
require any expensive or specialist astro 
imaging gear — only a pinhole camera, a 
device that you can easily make at home 
using readily available materials. Here 
we're going to show you how to do just 
that. After this reading this article, 
you'll be able to use it to produce your 
own record of the Sun’s progress. 

This form of solar photography is 
completely safe. A pinhole camera does 


not have a lens in it that can refract, 

focus and intensify sunlight — this 

means it can be safely left pointing 

directly at the Sun for the duration 

of the exposure. It is also not 

necessary for anyone to look at 

the Sun when using this technique; 

all that is required is a knowledge 

of which general direction in the 

sky the Sun is going to be when 

choosing a suitable site for the camera. 
You may be concerned about privacy, 

seeing as each exposure can last for 

months at a time. This is not an issue 

either, as people do not show on any 

of these long exposure images unless 

they remain still for the duration of the 

capture — which given the time periods 


involved, would be quite an achievement. 


You can use any sort of photographic 
paper in your pinhole camera, and 
this is readily available from any retailer 
than sells photographic supplies. 
Photographic papers, being of low 


sensitivity, are ideal for long exposures 
and usually perform very well for 
solargraphs. No chemical processing 

is necessary after the exposure is 
completed; the paper negative is simply 
scanned into a computer using a flat-bed 
scanner. Once you have done this, you 
can use processing software to invert, 
flip or rotate the scanned image, or 
enhance the solargraph if desired. 


Choosing a location 

Your completed pinhole camera can be 
sited almost anywhere, but you should 
make sure you get permission from the 
site owner and be sure not to trespass 
on anyone’s property when choosing a 
location. You should also consider which 
direction you aim the camera. In the 
northern hemisphere, is best to avoid 
pointing the pinhole north, as it will see 
very little direct sunlight. The exception 
is if you are planning on capturing a > 


TOOLS AND 
MATERIALS 


Scissors, ruler, emery paper, 
straight pin, drill 


MATERIALS 

Any suitable container (tall, cylindrical 
ones are good for solargraphy), 
aluminium foil, photographic paper, 
black tape, matt black paint 


HARDWARE 
Computer with flat-bed scanner 
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4 This five-day exposure was captured with a 
pinhole camera made from a peppermint tin 


> ‘reflected’ solargraph, for example 

from window glass or a mirror-windowed 
building. In the southern hemisphere 

it is best to avoid pointing the camera 
south for the same reason. Locations that 
are well-lit by sunlight, whether that be 
direct or reflected, will give the best results 
in terms of foreground detail. 

Exposures don’t have to last for 
months, however — they can be as brief 
as a few hours for a short solargraphy 
trail. That said, the results are usually 
more impressive when they are exposed 
for longer periods. A three-month 
exposure, say from an equinox to a 
solstice or vice versa, is a good duration. 
This will expose a lot of trails onto the 
solargraph. However, a relatively short 
duration solargraph of only a few days 
can also produce excellent results. When 
you scan solargraphs exposed on black 
and white photographic paper it can 
produce a nice colour tint. 

The main image in this article is 
an example of a six-month solargraph 
exposed in the UK from solstice to 
solstice during 2011, using a pinhole 
camera made from a tall cylindrical 
canister as shown in the step-by-step 
guide. So, why not have some fun making 
your very own solargraphy pinhole 
camera? It could provide you with a 
unique photographic memory of the 
Sun’s apparent path through the sky at 
home, at one of your favourite places 
or maybe of a special holiday location.@ 


Vince Sellars is a retired sonographer. He 


has a keen interest in astronomy and started 
exposing solargraphs several years ago. 
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STEP 1 


Choose a weatherproof container unless 
you are going to place the camera indoors. 
Drill or cut a 6mm hole in the container. 
For solargraphy, it is best for the hole to 
be closer to the top; ours was cut 4cm 
from the top on this container. 


STEP 3 


Paint the inside of the container with matt 
black paint or line it with black card to 
minimise any unwanted internal reflections. 
Make sure the pinhole is not covered. 

Affix a small patch of black tape over 

the pinhole to act as a shutter. 


‘ 
Bits 
4 


STEP 5 


Choose a location with a good view of the 
Sun's path across the sky. Make sure the 
container is located somewhere where it 
will be safe and you have permission to 
set it up. Remove the tape from the pinhole 
to begin the exposure. 


Use a pin to make a hole in a small square 
of aluminium foil. This is where the light from 
the view will project through onto the photo 
paper inside. Mask off the pinhole with black 
tape, then tape it over the outside of the 
container so it lines up with the drilled hole. 


STEP 4 


Under dimmed lighting, cut the photopaper 
to fit the container. Use it to line the inside 
of the container, with the emulsion side 
facing inwards and centred facing the 
pinhole. Once inserted, seal the top so the 
container is lightproof. 


STEP 6 


After a suitable length of time, cover the 
pinhole and retrieve the camera. In dimmed 
light, remove the photopaper and scan 

it on a flat-bed scanner to produce the 
solargraph. Use photo-editing software 

to enhance the image if desired. 
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ORION 
ul Tom O'Donoghue Hear Tom talk 


about this award- 
winning image in 
our evening lecture 
event. See page 32 
for details. 


Create ad mega mosaic of Orion 


Avoid alignment issues and skewed star shapes when creating your masterpiece 


Tom’s finished, award- - 
‘winning mosaic of the 
Orion Nebula region 


Reference image: | R3_C3_4hrs_Lum 
Distortion model:{ 


A Distortion correction 
Distortion residual:| 0.005 | <—=———= 
Distortion iterations: | 20 =) 
Working mode: | Register/Union - Mosaic 
(1) Generate masks 
Generate drizzle d 


1D Generate drizzle data 
Frame adaptation 


4 Use Pixinsight’s Star Alignment Tool to 
stitch together a luminance base layer 


hen creating large 

mosaics, you are 

capturing a three- 

dimensional world 
and presenting it in a two-dimensional 
format. Each adjacent frame appears 
to rotate about the north celestial pole. 
The more frames you stitch together, 
the greater the potential distortion, 
and the more likely that star alignment 
and stars shapes exhibit problems. 

With this particular image of part 

of Orion, my goal was to ‘go deep’ by 
using long exposures to reveal the 
delicate background dust in the region. 
With 400 hours of exposures taken 
over four years, the mosaic contains 
more data than the famous Hubble 
Deep Field image. 
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4 The finished base layer — this gives you 
something to align your processed frames fo 


(Channels: 


Le} @{E| ele 


Zoom: 1:4 Sealing: None 


OEE 


£69 F2 C2 Airs Lum DBE L6H 


Segie source | ticle source | Regstered enoge derention spectator 
© Detout 
Register thes source mage: 
[RECo aes tom OBE Tehato Oc ieee 
to the eference mage group: [Hers awe Oem Nin Frame 
[ergettonsic Lower Onon Non Frame Adapt on Fag panes Hato] 
: Reegetation rcton 
FF Cote source image on completion of regiter operation © RepSasbet CR 
‘Ths source/reference par has been regstered to 
po Interpolation scheme 
—ed © Bicubic © Bins 
Nowe compensation 
Standard Levelt Level 2 


A 


4 You can use the paid program Registar 
to take the hassle out of image alignment 


The completed mosaic is comprised 
of 34 frames. My first step in blending 
them was to use PixInsight (http:// 
pixinsight.com; free trial) to create a base 
layer from my luminance data. I created 
a single layer to which all other frames 
— RGB, hydrogen-alpha and even 
luminance itself — can be registered 
(aligned). If each panel blends to make 
the base layer, then each processed frame 
will stitch together without any odd star 
shapes, or alignment issues. 


Spiral outwards 

Start with PixInsight’s Star Alignment 
Tool. The Star Alignment Process can 
register panels to each other and stitch 
them, allowing you to build a mosaic 
one frame at a time. Working in a spiral 
pattern from the centre pane outwards 
gives the best results in the registration 
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CSRGMO Riven last bw iii lee eae — 


trent Sere tom aaipyS =) 


4 The final blended base layer as assembled in Photoshop (left), compared to the pre-blended 
version (right); use a combination of masks, Levels and Curves to give a sense of cohesion 


of the panes, so start with the central 
frame. Apply the Screen Transfer 
Function for the purposes of viewing 
the image. This can be reset. 

With the central pane selected as the 
Reference File, check the Frame Adaption 
box, and select Mosaic Union for the 
registration setting. All other settings 
can remain as defaults. This will find 
the stars in the overlapping region of 
the two frames and create a mosaic. 
Drag the Process icon (the small blue 
triangle) onto the second selected pane 
to begin the process. 

The result is a stitched two-pane 
image that now becomes the reference 
frame. With the same settings you then 
apply this to the third pane. Continue 
to build the base layer in this fashion 
until all 34 panels are stitched together. 

Once you have made the base layer, 
process each luminance and RGB panel 
in PixInsight. For the luminance frames, 
apply the Dynamic Background 
Extinction tool to remove gradients 
and light pollution, then a small 
non-linear stretch in the form of the 
Histogram tool. Hydrogen-alpha frames 
should be treated in the same way. 

The RGB frames require more 
processing, Dynamic Background 
Extinction being the most important, as 
the colour balancing and gradients in the 
RGB frames are the key to getting a 
natural smooth blend across the mosaic. 

Run this, Background Neutralisation 
and Colour Calibration, followed by a 
stretch with the Histogram tool. 
Sometimes at this stage I use the 
Subtractive Chromatic Noise Reduction 
process to remove any green bias. Now 
align all of the processed frames with the 


base layer in RegiStar (www. 
aurigaimaging.com; paid). Select the 

base layer as the reference frame, and 

then each processed file as the image to 

be registered. Select the co-register button, 
and the algorithm outputs the luminance 
frame with rotations and any distortion 
stretches that were necessary to align the 
processed frame to the reference layer. 
Repeat this for all panels. 


Blending the frames 

Now you can begin to assemble the 
mosaic in Photoshop. Start with the 
central pane as the background layer, 
and paste the next pane on top. Lower 
the opacity of the top layer so you can 
see the stars in the layer beneath, then 
align them with the move tool. Once 
aligned, set the opacity back to 100 per 
cent, and use masks, Levels, Curves, and 
a combination of the paintbrush and 
eraser to blend the panels together. Do 
this for all panels in luminance, then 
repeat for the RGB and hydrogen-alpha 
frames to create separate layers. 

Now you have three separate layers 
ready for blending into one single LHaRGB 
image in Photoshop. I add the hydrogen- 
alpha into the red channel and set the 
blend mode to Lighten, then blend the 
luminance layer into the new HaRGB 
layer with the Luminosity blend mode. 

After flattening, tweak the contrast 
and colour saturation, make adjustments 
to colour balance, and use Curves to 
enhance detail within the image. (S] 


Tom was joint runner up in Stars and 
Nebulae category of the Insight 
Astronomy Photographer of the Year 
competition 2015 with this image. 
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JOHN MOORES 
UNIVERSITY 


Distance Learning 
Courses 


Multimedia Astronomy Courses 
Tutored by Professional Astronomers 


Starts 
Sept 
Sept 


Masters Courses 
MSc Astrophysics 
MSc Observational Astrophysics 


One year full-time or two years part-time. 


Starts 
Sept 
Oct 
Nov 
Jan 
Apr 
Jun 


Short Courses 

An Introduction to Astronomy . 
Science with the Liverpool Telescope 
The Science of the Night Sky 

Planets of the Solar System 
Supernovae 

High Energy Astrophysics 


These non-accredited courses last between five months and 
one year. ° 


Star-Diagonals 


High quality achromatic refractors for the lunar, 
planetary, solar, or widefield deepsky observer. 


STARWAVE” 


CEM25 1EQ45-PRO 


. 


GOTO, Auto-guiding, 
polar scope, 4.7kg head. 


GOTO EQ. Auto-guiding, 
polar scope, 11.8kg head. 
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GOTO & tracking for imaging. 
300K object database, GPS, 
polar-alignment assistance. 


CEM60 & CEM60-EC 
27kg Capacity, only 12.3kg A 

A portable observatory 

or field mount. Fits Altair 


head weight! Super-accurate 
8” Steel Piers, Starbase Field Tripod. 


BT81S-A with 


‘HF2 Mount & 
Tripod Package 


This 8imm‘astronomy 
binocular delivers crystal clear, 
sharp views through its new 
optical désign. Its lightweight 


body ensures that you can take 


it to any observing location. 


Package includes 2x SLV eyepieces; 
tripod, swing bracket, red dot finder 
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Opticron astronomy products please call 
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Our equipment specialist cures your 
optical ailments and technical maladies 


With 
Steve 


Attaching a Barlow 
lens to a Philips 
webcam is the most 
straightforward to 
achieve focus, but 
it will also alter 
your field of view 


I'm having trouble focusing when solar 
imaging with my Coronado PST, Philips 
SPC900 webcam, a 20mm nosepiece 
and using K3CCDTools as control 


software. Any advice? 
JAMES DALE 


This is a common problem with the 
Coronado PST as it was designed 

for observing only. The problem 
arises because the focal plane lies 
approximately 5mm from the rear 
of the eyepiece holder, whereas most 
webcams have their sensors embedded 
much farther into the case — about 
18mm in the case of your Philips 
SPC900. This means that no amount 
of inwards focus adjustment will 
allow you to reach focus. 

The tried and tested way of resolving 
this issue is to add a 2x Barlow lens 
between the eyepiece holder and the 
webcam, because a by-product of 
amplifying the image is that it also 
increases backfocus, allowing you to 
get a sharp image. However, as a 2x 


will also reduce the field of view, so 
you may well find that this doesn’t 
suit some larger scale solar events. 


field of view you will need to take a 
more drastic approach to ensure the 
webcams sensor is closer to the 
eyepiece holder — you will need to 
re-house the camera’s electronics. 
Carefully remove the original case 
and install the bare electronics in a 
small plastic box so that the sensor is 
placed right at the edge of the box, 
with access to a sight hole. This will 
bring the sensor within the 5nm 
backfocus region and allow true 
prime focus imaging with the widest 
available field of view. 


Barlow doubles the size of the image it 


If you want to maintain the original 
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I'd like to start binocular observing. Will 
a pair of Canon 10x30 IS binoculars be 
enough to get me through Stephen 
Tonkin’s monthly tour? PHIL CREMMEN 


Binoculars are often, rightly, recommended to 
beginners just starting out in astronomy but they 
should maintain an important presence in any 
astronomer’s arsenal. Whereas telescopes are always 
mounted, smaller binoculars are more often 
hand-held and this can lead to shaky views unless 
you are suitably seated or lying back comfortably. 
Larger binoculars require mounting which can take 
away some of the spontaneity from an observing 
session and this is where image-stabilised (IS) 
binoculars come into their own. 

The Canon 10x30 IS binoculars are excellent for 
celestial observing and because of the image 
stabilisation, they punch comfortably above their 
weight, revealing just as much as a pair of 
unstabilised 10x50s. IS binoculars allow you to 
concentrate on teasing out detail rather than 
worrying about holding the instrument 
steady and you will find 10x30s 
with this feature suitable for 
the majority of objects in 
the Binocular Tour, 
including the 
brighter objects 
recommended 
for viewing 
through 15x70s. 


> Canon’s 10x30 IS 
binoculars will help you 
get steady hand-held views 


Steve Richards is a keen astro imager 
and an astronomy equipment expert 


Email your queries to scopedoctor@skyatnightmagazine.com 
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THE GREAT AMERICAN ECLIPSE TOUR 2017 


14 - 24 August 2017 


Join us on this wonderful tour of the beautiful West Coast of the United States where we will view the Total Solar Eclipse 
of 21 August 2017 from our location in Oregon where weather prospects are at their best to hopefully allow for a 
clear view of this phenomenal natural wonder. Your fantastic 10 night tour will take in Oregon's stunning coastline 

and natural wildlife, the giant Redwoods of California, spectacular Crater Lake, the charming town of Ashland, lively 

Portland, a wine tasting session in a local winery and much more. You will also be able to enjoy the benefit of a series 

of fascinating astronomy talks from our expert lecturers Dr Marek Kukula (Public Astronomer at the Royal Observatory 
Greenwich) and Dr Ed Gillen of Cambridge University who will be joining us. 


Prices from £2,275 per person 


Call 020 7766 5237 
Email info@eclipseofthecentury.com tas 
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Dobsonian 
telescope 
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FIRS | LIGHT 


Omegon N 203/1200 
Dobsonian 


A solid scope suitable for 


anyone looking for a starter instrument 


WORDS: PAUL MONEY 


VITAL STATS 


e Price €379 

e Optics Parabolic mirror 

e Aperture 203mm 
(8 inches) 

e Focal length 1,200mm 
(1/59) 

e Focuser Single speed 
2-inch Crayford with 
1.25-inch adaptor 

e Mount Dobsonian 
altaz rocker box 

e Extras Red-dot finder, 
25mm and 10mm 
1.25-inch eyepieces, 
accessory rack 

e Weight 19.4kg 

e Supplier Omegon 

° Www.omegon.eu 


e Tel +49 8191 940 490 


SKY SAYS... 
Altair was 
sharp to around 
80 per cent of 


the field of view, 
with a little 
distortion towards 
the edges 


f there is one telescope design that is 

considered ideal for beginners, it surely 

has to be the Dobsonian. Its simplicity 

lends itself to anyone just starting out 
in this adventure called astronomy. 

Omegon’s N 203/1200 Dobsonian is an 8-inch, 
f/5.9 instrument. It arrived in three boxes so 
some construction is required, mainly of the rocker 
box base. Although it took us 30 minutes to fully 
assemble the whole system for the first time, you 
shouldn’t need to disassemble it aside from 
removing the tube from the base for transport. 

The rocker box is also equipped with a four-slot 
eyepiece holder that takes two 1.25-inch eyepieces 
and two 2-inch eyepieces. A clutch system allows 
you to tension the altitude bearing if your 
eyepieces are on the heavy side. 

The telescope tube itself also requires some 
minor first time assembly, as the Crayford focuser 
is packaged separately. A small pack of tools is 
supplied, but we had to use our own Allen key to 


THE VALUE OF 
SIMPLICITY 


Once assembled we found using the Omegon N 
203/1200 Dobsonian to be straightforward. Any 
telescope that is easy to set up and operate will 
get used frequently, and we found we could lift 
up the 19.4kg system via the cut-outs in the rocker 
box and have it ready for viewing within moments, 
allowing us to take advantage of brief patches of clear 
weather. The overall balance of the telescope tube 
with the supplied eyepieces allowed us to view most 
of the sky without tensioning the altitude knob. 

The telescope is best used in conjunction with an 
adjustable observing chair allowing you to reach the 
eyepiece even when it was pointed vertically up. Being 


seated also allows you to relax into the viewing experience. 


The light grasp of the optics is capable of showing a huge 
range of targets — so you will be sitting for quite some time! 
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See an interactive 360° model of this telescope at 
www.skyatnightmagazine.com/OmegonN 


attach the focuser to the scope. As you shouldn’t 
have to remove the focuser once installed it was a 
minor issue. Also supplied are two 1.25-inch 
eyepieces (25mm and 10mm), an extension tube for 
the focuser and a zero magnification red-dot finder. 

Once set up, we turned to the summer sky. We 
examined the bright star Altair in Aquila through 
the 25mm eyepiece and found the view sharp to 
around 80 per cent of the field of view, with a little 
distortion towards the field edges. Swapping 
to our own 32mm 2-inch eyepiece gave a wider 
field of view with crisper stars closer to the field 
edge, showing that the eyepieces are this system’s 
weak point. That said, the supplied 25mm eyepiece 
gives perfectly adequate views. 

With the same 25mm eyepiece we had reasonably 
detailed views of the Dumbbell Nebula, M27. 
We also had a view of globular cluster M13 in 
Hercules, with its two adjacent stars also in the 
view. Swapping to the supplied 10mm eyepiece, 
M13 became a swarm of stars with the dark 
‘propeller’ feature visible using averted vision. The 
Ring Nebula, M57, appeared clearly hollow with a 
faint star just off to one side in the same eyepiece. 


Duck hunting 
In terms of open clusters, we were able to see the 
Wild Duck Cluster, M11, well in both eyepieces, 
but the 25mm ocular could only frame the centre 
of Brocchi’s Cluster and the Pleiades. After 
swapping to our 32mm 2-inch eyepiece we 
managed to frame the whole of the 

Pleiades for a lovely view full > 


FIRST LIGHT DECEMBER 91 


The focuser is a Crayford design with single speed operation, 
which proved smooth to use. It can take either 1.25-inch eyepieces, 
or 2-inch eyepieces when used in conjunction with the supplied 
extension, although this did make it quite long. 


The altaz rocker box base was 
reasonably easy to construct and 
quite lightweight whilst being robust 
enough to take the telescope tube. 
It was smooth in operation with a 
tension knob on the altitude bearing. 
An accessory rack is also included 
and this can hold two 1.25-inch 
eyepieces and two 2-inch eyepieces. 


The zero-magnification finder is made of 
plastic and projects a small, variable intensity 
red dot onto its front screen. It was easy 

to adjust and worked quite well although 

it could dew up over time. 


The base of the tube holds the rear mirror cell 
support and is inset well into the tube. This 
allows you to stand the tube on its rear end 
without affecting the collimation knobs. The 
collimation knobs are reasonably chunky, 
enabling quick adjustments if required. 
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FIRST LIGHT 


> of bright stars and a hint of nebulosity from 
Merope. We aimed the same setup towards the 
Andromeda Galaxy, M31, and could fit almost the 
whole galaxy in the view, whereas the 25mm 
showed roughly half as much. It was whilst using 
our own 32mm 2-inch eyepiece that we needed to 
use the tensioning knob on the altitude axis to 


compensate for the extra weight of the eyepiece, 
and this worked to great effect. 

With the 25mm and then the 10mm eyepieces we 
also spotted NGC 6207, the mag. +11.6 galaxy near 
to M13 and, over in Pegasus, we tracked down NGC 
7331, a nice smudge of a galaxy well worth looking 
for. We also hunted down stunning double star 
Albireo in Cygnus with its gold and blue components, 
well split in the 25mm eyepiece, and we were 
able to separate the three components of triple 
star of Iota Cassiopeia in the 10mm eyepiece. 

Our only available planetary targets were 
distant Uranus and Neptune, as the brighter 
planets were poorly placed, but we were 
able to pick out their small but clearly 
identifiable discs. Not to be outdone, the 
slim crescent Moon revealed a wealth of 
detail for a rewarding view. All in all, the 
Omegon N gave a solid performance. @ 


VERDICT 


ASSEMBLY 
BUILD & DESIGN 
EASE OF USE 
FEATURES 
OPTICS 


OVERALL took Ak 


The 8-inch, f/5.9 
parabolic primary mirror 
was clean and defect 
free with a central spot 
to aid collimation. It 
produced bright views 
of a variety of objects, 
from distant planets 

to deep-sky objects, 
and handled high 
magnification well to 
split tight double and 
multiple stars. 


alr 


< The lunar crescent 
captured in a 1/125th of 

a second exposure at ISO 
A00 using this scope and 

a Canon 50D DSLR 
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Eddington Lodge 


“They fit like a glove has never been so apt; using a professional camera 
you need good grip and dexterity, they enable me to feel the camera 
controls like my own skin but with the added bonus of keeping my 
hands warm and dry.” Pat Fenelon,ITV Cameraman. 


MACWET GLOVES PROVIDE: 


° Incredible touch and feel - you won't realise 
you’re wearing them! 


Unrivalled grip in dry, wet or humid conditions 

The perfect fit - available in 14 sizes 

A choice of 6 colours, two styles and two cuff lengths 
Durablility - machine washable and long-lasting 


TO ORDER CALL: 0845 6039075 


EMAIL: INFO@MACWET.COM | WWW.MACWET.COM 


rth & rnwal ! Coast 


The Society for Popular Astronomy 


If you find too much astronomy goes over your head, then you 
need the SPA! We bring the excitement of the sky to beginners in 
language that everyone can understand. And we make it fun! 
Look at what we offer members of all ages: 


@ Popular Astronomy - our bright magazine, sent every two months 
@ Helpful website — lots of useful information plus a chatty forum 

@ Advice - on sky watching, plus choosing and using a telescope 

®@ Meetings — hear talks by scientists working at the cutting edge 

@ Young Stargazers — a zone specially for those aged 14 and under 
@ Discounts — on goods and places to visit 


SPA membership costs just £20 a year in the UK 
(£14 for under 18s). You can join online 
immediately with a credit/debit card or send sae 
for details to SPA, Dept SN, 36 Fairway, Keyworth, 
Nottingham NG12 5DU 


www.popastro.com 
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Celestron UpClose G2 


10x50 binoculars 


Optical issues mean these inexpensive binos are best for casual use 
WORDS: STEPHEN TONKIN 


n inexpensive pair of 
VITAL STATS 10x50 binoculars can 

serve as an ideal entry- 

level instrument, being 


e Price £50 
epics ullepeiee the maximum aperture and 
magnification that you can easily hold 


e Aperture 50mm 

e Magnification 10x ; 
by hand. Celestron’s UpClose G2 is a the central third 
lightweight candidate for this position. 


See an interactive 360° model of these binos at 
www.skyatnightmagazine.com/upcloseG2 


SKY SAYS... 
We could split 
double star 

Albireo into its 


light path is internally stopped, in 
this case to an effective aperture of 
40mm. The aim of this is to reduce 
optical aberrations to deliver crisper 
if somewhat fainter images. 


Double troubles 


We focused the binoculars and found 


two contrasting 
components in 


e Exit pupil 5mm 

e Prisms BK7 i 

e Angular field of view The binoculars are supplied with a of the field 

6.8° soft, lightly padded case, caps for all lenses, a 

e Focusing Centre focus neck-strap and a microfibre cleaning cloth. The 

e Eye relief 12mm objective lens caps are too loose and fall off under 

 Interpupillary distance gravity, so it would be best if you keep those in the 

56-7 2mm case and use them only to keep debris off the lenses 

e Weight 765g : 

« Supplier Celestron UK when the binoculars are stored or transported. 

eo arusencelastonaulcart When held up to the light, we could see that each 
of the exit pupils has four tiny, light-grey segments 
on the periphery. This is due to the low refractive 
index of the glass used for the prisms. This results 
in a slight dimming of the edge of the field of view, 
so it is necessary to make sure that you keep target 
objects in the brighter centre of the field. 

The exit pupils of a pair of 10x50s should have 

a diameter of 5mm, but these appeared to be 
smaller than that. On investigation we found 
that, in common with many budget binoculars, 
although the physical aperture is 50mm, the 
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e Tel 01525 852696 


that the image was crisp in the middle 
of the field of view. The images from each side 
were separate, giving a double-image that was not 
easily merged into a single one. This shows that 
collimation was outside acceptable tolerances. 
Unfortunately, this is fairly common in budget 
binoculars and, should you get one that is similarly 
afflicted, you should have it replaced under 
warranty. We also found that the 12mm eye relief 
is insufficient to allow the whole field of view to 
be visible with spectacles, even with the rubber 
eyecups folded down. There is severe pincushion 
distortion affecting the outer 50 per cent of the 
field of view. This makes straight lines appear to 
bow inwards and distorts the relative positions 
of some stars in the field of view. 

Control of false colour was quite good on axis, 
but the last quarter Moon showed colour when the 
limb was even slightly off axis. However, the bright > 


SMOOTH AND EASY TO USE FOCUSING 


You will find it much more pleasurable to use binoculars that are easy to 
adjust and focus, especially if you need to do so wearing thick winter 
gloves. The UpClose G2 10x50Qs meet these criteria: the hinge, 
centre-focus and right-eyepiece dioptre focus all operate 
smoothly throughout their ranges and fall into the sweet 

spot between being too stiff and too slack. 

The wide centre-focus wheel is ribbed, making it easy to 
adjust precisely with or without gloves. It rotates one and a 
quarter times between the near and far extremes of focus, 
meaning that large movements of the wheel correspond to only 

small shifts. This makes it much easier to attain a precise focus 
than if it were to change appreciably for only a small turn of the 
wheel. The right-eyepiece dioptre adjuster is a large knurled wheel 
that is also easy to adjust with gloved hands. The hinge is stiffer than 
both the focuser and the dioptre adjustment, so once you have set the 
interpupillary distance you are unlikely to inadvertently alter it while focusing. 
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A significant source of debris on 
eyepieces when binoculars are hung 
around your neck is descending 
pollen and dust. The eyepiece 
covers are particularly well fitting 
and unlikely to get knocked off, 
reducing the frequency with which 
you'll need to clean the eyepieces. 


The eyecups are only 37mm diameter, which is small for modern 
10x50s, but it means that the minimum interpupillary distance of 
56mm can be obtained without the eyecups squeezing the bridge 

of your nose. This makes these binoculars a realistic option for 
astronomers with small faces. 


When you refocus from a near object to a 

distant object, you will find that there is still 
some focal range remaining. This will be of 
interest to shortsighted stargazers, who will be 
able to observe without corrective spectacles. 


The rubber armour is sufficient to protect 
against the minor knocks and bumps of 
everyday use. There are also thumb indents 
and finger ridges on the prism housings; 
the indents have more texture than the rest 
of the rubber armour, and help to give you 
a secure hold without having to grip tightly. 
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FIRST LIGHT 


> star Vega in Lyra only showed false colour when 
it was near the edge of the field of view. These 
binoculars are specified as being ‘multicoated’, 


which usually means that the outer surfaces of 
the objective lenses and eyepieces are coated, 
but the prisms are not. This was confirmed by 
spurious ghost reflections when the Moon was 
both in and just outside the field of view. 

We checked the colour rendition in the region 
of Herschel’s Garnet Star (Mu Cephei), which 
stood out as distinctly orange-red and contrasted 
well with the brilliant white Alderamin (Alpha 
Cephei), orangey-yellow Zeta Cephei and hot 
blue Lambda Cephei. With the binoculars mounted, 
we could split double star Albireo in Cygnus into 
its two colour-contrasted components (separated 
by 34 arcseconds) in the central third of the field 
of view. Nearby in Vulpecula, the Coathanger 
asterism (Collinder 399) was nicely framed and, 
panning to the east, we could see the Dumbbell 
Nebula (M27) as a tiny, slightly elongated cloud. 
The Andromeda Galaxy appeared as an oval glow, 
brightest in the middle, and extending faintly 


Although the binoculars are light and easy to 
hold by hand, you will be able to see fainter 
objects and split closer double stars if 

you mount them. On the end of the 

hinge is a metal bush threaded 

with a standard V4-inch 

Whitworth thread for a 

tripod adaptor L-bracket. 


across nearly one third 
of the field of view. 
In the open cluster 
NGC 752, also in 
Andromeda, we were 
able to resolve eight 
stars against the 
granular glimmer of 
the other 70 or so. 
Despite its optical 
shortcomings, we found this 
binocular to be very comfortable to use; it is light 
and well-balanced, and the rubber eyecups are 
comfortable. It is best suited to casual users who 
want a pair of relatively inexpensive binoculars for 
occasional astronomical use. @ 


VERDICT 


BUILD & DESIGN 
EASE OF USE 
FEATURES 
FIELD OF VIEW 
OPTICS 


OVERALL toto 


% 
Spectacular wall art from astro photographer Chris 
Baker. Available-as frameless acrylic-aluminium 
mix or framed backlit up to 1.2 metres wide. A big 
impact in any room. 
All limited editions. 


www.cosmologychris.co.uk 
www.facebook.com/galaxyonglass 


Established for 

over 70 years. 

Sherwoods are one of 

the Midlands leading 
specialists in Night 

Vision, Binoculars 

and Astronomical 

Telescopes. 

At our new showroom now 
open at the Arden Centre Little 
Alne (nr Henley in Arden), we 
display optics from the worlds 
leading manufacturers. 


The Arden Centre Little Alne 
Wootton Wawen 
Warwickshire B95 6HW 
Tel. 01789-488880 


Ch neck out our website for latest 
PY offers and full p product range. © ) 


www.BinocularHouse.com 


The Home Counties Astronomy Specialists 
™Y Tel:01442 822997 


Welcore weve 


Tak 


friendly Experts 


with over 100 telescopes 
& binoculars on display 


e Extensive range of 
binoculars & 
spotting scopes 


e Friendly 
face-to-face advice 


Excellent aftersales support 
Beginner package deals 
Great prices and value 


One of the UK's largest 
displays of telescopes 


Showroom open 5 daysaweek - Free on-site parking 


Unit 15, 

The Old Silk Mill, 
Brook St, Tring, 
Herts, HP23 5EF 


£) facebook.com/tringastro () wwtringastro.co.uk 


v @Tring_Astro 


MX enquiries@tringastro.co.uk 


CALL US AND BOOK YOURS VON = 


Call us now on 01437 765 765 
www.coastalcottages.co.uk 


coastal ~~ 
cottages 
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Altair Astro 


GPCAM 2 IMX224 


A high frame rate colour CMOS camera with excellent control software 


WORDS: PETE LAWRENCE 


VITAL STATS 


e Price £189 

e Sensor 1/3-inch Sony 
Exmor IMX224 colour 
CMOS 

e Pixel array 1280x960 
pixel array, 3.75pm 
square pixels 

e Size 37mm maximum 
diameter, 65mm long 
including CS adaptor 

e Weight 70g 

e Supplier Altair Astro 

e wwwaaliairastro.com 


e Tel 01263 731505 


See an interactive 360° model of this camera at 


www.skyatnightmagazine.com/GPCAM2 


SKY SAYS... 
This camera is 
intended for 
Solar System 


o great things come in 
small packages? Altair 
Astro’s GPCAM 2 IMX224 
camera seems to fit this 
description. As cameras go, this one 
is tiny and extremely light, but as 
we found it is certainly powerful. 
Installing the camera is straightforward 
and, thanks to the excellent 
AltairCapture software, is easy to control. 
This is a high frame rate colour camera 
intended for Solar System imaging, but it can 
also be used for deep-sky imaging too. Its small 
pixel size gives you a large image scale, and this 
is ideal for capturing the planets, white light 


ALTAIRCAPTURE CONTROL SOFTWARE 


A camera is only as good as its control 
software and we're happy to report that 
the AltairCapture program is very good 
indeed, giving you access to all of the 
GPCAM 2's functions via a clear and 
easy to understand interface. The main 
capture window can be augmented by 
an all-important histogram display to 
help you avoid under or overexposure. 
Various tools help you along the way 
including reticules and grids as well as 
convenient options to, for example, 
adjust the camera’s white balance via 


the live preview. There is a facility for 
timelapse recording and rudimentary 
image processing routines. Solar System 
imaging is mainly done in a ‘Video Mode’. 
Here you can control the exposure from 
0.105 milliseconds up to five seconds. 

In ‘Trigger Mode’, which can be used 
for deep-sky imaging, the exposure can 
be extended up to 1,000 seconds. Images 
can be recorded as stills or video and 
the software offers a live stack option 
where it combines a defined number of 
frames automatically during capture. 


Fie Edt Viex Brome Setup Capture Image Process Options Window About 


4 AltairCapture runs on the Windows operating system from XP through to Windows 10 


320 [340 1360, |380 |a00 [azo Jaan ato jas 
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imaging, but 
it can be used 
for deep-sky 
imaging too 


views of sunspot groups and lunar 
close-ups. It’s less suited to wider 
lunar or solar captures. 

Using a 4-inch refractor with a 
1,000mm focal length, we found 
that the Crab Nebula occupied 
about 30 per cent of the width of 
the image frame. Clouds truncated 
this particular imaging session, but 
even after 137 five-second exposures we could 
see some tantalising detail after stacking. The 
longer deep-sky exposures did show amp glow 
along two edges of the frame, as well as some 
fixed pattern noise, but this is easy enough to 
correct with image calibration. 

When we turned to the GPCAM 2’s intended 
Solar System targets, the need for high frame 
rates revealed a few shortcomings. This is a 
USB 2.0 device, ideal for older laptops that don’t 
have USB 3.0 support. However, USB 2.0 limits 
the amount of data that can be transferred between 
camera and computer and this is reflected in the 
GPCAM 2’s full frame (1280x960) transfer rate of 
25-32 frames per second. 

The camera allows you to set a region of interest 
on the sensor. This effectively creates a smaller 
imaging area, and reducing data in this way permits 
higher frame rates. Captures can be set to 8-bit or 
12-bit depths. For Solar System imaging 8-bits is 
sufficient, with the better tonality of 12-bit being 
better suited to deep-sky work. 


Irksome infrared block 

The camera arrives with a CS-thread adaptor 
screwed in. This contains an anti-reflection optical 
window coated to block ultraviolet and infrared 
light. Although the IMX224 sensor has good 
sensitivity in the RGB visual range, this also 
extends into the infrared across all channels. 
With the CS-adaptor fitted, infrared imaging 

is prevented. Although it is easy to remove, this 
action exposes the sensor to dust. Removing the 
CS-adaptor exposes the CS-thread on the camera 
body. This presents a problem if you want to, for 
example, take advantage of the IMX224’s infrared 
sensitivity by fitting an infrared-pass filter as the > 
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ST-4 GUIDE PORT 


There is an ST-4 compatible 
opto-isolated guide port on the 
camera's rear. A 1.5m cable is also 
provided as standard. This can be 
connected to the guide port of many 
leading brand mounts to provide 
autoguiding functionality. Autoguiding 
via this port can be achieved by 


using, for example, the popular 
freeware PHD2 Guiding. 


USB 2.0 PORT 


Control and data transfer between 
the GPCAM 2 and its host computer 
is achieved via a USB 2.0 port on 
the rear of the camera body. A 2m 
cable is provided. The USB 2.0 limits 
the data throughput compared to a 
USB 3.0 device, especially when 
using the full sensor area. This can 
be offset by defining a smaller 
region of interest on the chip. 


C- AND 1.25-INCH ADAPTORS asi IMX224 SENSOR 


The builtin CS adaptor allows C-mount lenses to be The Sony IMX224 colour CMOS sensor has excellent sensitivity and 
connected to the camera for wide-field imaging such as low read-noise. This is ideal for high frame rate imaging, where you'll 
you'd use to record a meteor shower. In addition, a 5mm typically want to use short exposures. Sensor sensitivity continues 
CS- to C-mount adaptor is provided, increasing back focus well into the infrared across all three RGB colour channels. This 
to 17.5mm for C-mount lenses. A 1.25-inch barrel adaptor means that with only an optional infrared-pass filter fitted, the 
is also supplied and is threaded for 1.25-inch filters. GPCAM 2 can double as an infrared camera. 
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> CS-thread won't accept 1.25-inch filter threads. 
If you buy the camera for infrared imaging we'd 
recommend getting hold of a CS to T-thread 
adaptor. This way you can couple the camera to 
T-threaded equipment such as a filter wheel. 

The GPCAM 2 excels with Solar System objects. 
Unfortunately for us, most of the bright planets 
were hidden from view during the test period, 
leaving us only the ice giants Uranus and Neptune. 
Neither presented any major problem for the 
GPCAM 2. Their processed discs came back clean 
and well defined. We were also impressed that when 
testing the camera on a large scope test — a 14-inch 
Schmidt-Cassegrain — we picked up four of Uranus’s 
larger moons with ease. Not bad considering that 
Umbriel was shining at mag. +14.8. 

As well as its main camera duties, the GPCAM 2 
has an ST-4 port for autoguiding. We installed the 
latest version of PHD2 Guiding for this purpose and 
found that Altair cameras were immediately 
available for selection. The sensitivity of the 
GPCAM 2 makes it excellent for use as a guide 
instrument. It can also act as a wide-field sky 


@ GSC 0614-1048 
(star in Pisces) 


Uranus 


i Umbriel 
Ariel 


Titania 


Oberon 


a The GPCAM 2 camera revealed a hint 
of colour on Uranus’s disc as well as four 
of the planet's five major moons 
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4 The Crab Nebula, imaged in a session 
cut short by cloud; this shot is comprised 
of 137 exposures of five seconds each 


The GPCAM 2 camera comes pre-fitted with a screw-in 
CS thread adaptor. CS threads are commonly found on 

8mm and 16mm movie and security cameras. This adaptor 
provides 12.5mm back focus for CS lenses and contains an 
anti-reflection optical window also coated for ultraviolet and 
infrared blocking. The adaptor can be unscrewed if required. 


camera when fitted with a suitable C- or CS-mount 
video lens. When mounted parallel to a telescope, it 
also works as a digital finder. 

While it is true that the GPCAM 2’s frame rates 
are restricted by its USB 2.0 specification, this has 
more relevance if you intend to use the full sensor 
area. This is because it is harder to overcome 
seeing issues at slower frame rates. However, when 
imaging the planets, smaller regions of interest 
lead to higher frame rates and better results. The 
GPCAM 2 is a good choice for a first time colour 
camera purchase or perhaps an upgrade from a 
basic planetary camera. @ 


VERDICT 


BUILD & DESIGN 
CONNECTIVITY 
EASE OF USE 
FEATURES 
IMAGING QUALITY 


4 Lunar crater Clavius - if you’re wondering 
about the colour of the sky, it’s because 
this shot was taken during daylight 


TELESCOPES 


www.harrisontelescopes.co.uk 


01322 403407 Mon-Sat 


NEW FROM CELESTRON \\ ee 

ASTRO Fi. Z es * 
\o ‘ 

RS 


DISCOVER THE SKY IN WiFi 
WiFi RANGE FROM £385) = 

ANDROID & iOS> * oF 5 

EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT 
AUTHORISED DEALER FOR ALL THE TOP BRANDS 


HELIOS 7x50 & 10x50 : 
SKYMASTER PRO 15x70 
25x100 GIANT BINOCULARS ; 


DIGITAL SLR CAMERA ADAPTERS FROM 
MAINS 5 AMP POWER SUPPLIES : 
SKYWATCHER LIGHT POLLUTION FILTERS : 
QUALITY MOON FILTERS FROM 


Astronomy as it should be! 

Observe the night sky at its best 

with our observatory based 50cm |= 
Dobsonian, or image with a dome | = 
based, equatorial mounted, 18cm Se 
Maksutov-Newtonian. : 
Enjoy comfortable, self catering 
family accommodation. Located 

close to the North Devon coast, 

this is a wonderful all year round I 
holiday destination. Dark skies, 

clear southern views and great 
countryside. All levels of interest [yen 
are welcome. Visit our website for jie 
details or phone 01409 241719 
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GALLOWAY ASTRONOMY CENTRE 
Discover the Night Sky in Galloway 


Located near the UK’s first Dark Sky Park, we can give you a personalised guided 
tour of the wonders of our beautiful night sky. With our large 16" Newtonian 
telescope the views of the planets, star clusters and galaxies are truly spectacular. 


To learn more about the night sky or for help using a telescope our astronomy 
courses are for you. 


As a Skywatcher and Celestron dealer we offer free help and advice on buying a 
telescope. 


At the centre we also provide B&B style accommodation and evening meals. 
Our Stargazer Gift Voucher is a great gift at any time. 


Prices from only £26 pppn. Children and pets welcome. 


To book contact Mike Alexander: Craiglemine Cottage, Glasserton, Wigtownshire, 


Scotland DG8 8NE ¢ & 01988 500594 ¢ enquiries@gallowayastro.com 
www.gallowayastro.com 


Me leScopes 


ft ALITY pov : Rae ow SERVICE COMPETITIVE PRICES 


£ Part exchange welcome F 


° We buy & sell used telescopes 


° > Full service and repair facilities B 


Solar observing demonstrations outside 


on 1 sunny 6 confact us ifginterested. 


_For friendly helpful advice 
at Unit A3, St George’s Business 
Park, Castle Road, Sittingbourne, Kent ME10 31B. 


01795 432702 
www.fltelescopes.co.uk 


STARWAVE™ 


Call 020 33 845 187 between Yam - 


ALTAIR se Ta, © 
LIGHTWAVE 


8prm 7 days a week. 


www.3éoastronomy.com 


any make! any age! 


Over time, your telescope will benefit from a 
General Service. We offer you the opportunity 
to help you look after your telescope, regardless 
of it’s make or age and keep it in tip-top 
condition. There are many telescopes on the 
market but all will perform 

much better with regular 

service and 

maintenance. 


ORION eatratl UK 


tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 


See our website 
for full details 


mechanics 
and 

optics 
checked 


Www. orionoptics.co-ukK 


FIND THE TELESCOPE SERVICE LINK ON ALL PAGES 
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Books 


New astronomy and space titles reviewed 


Welcome to the Universe 
An Astrophysical Tour 


Neil deGrasse Tyson, Michael A Strauss, 
J Richard Gott 

Princeton University Press LK 
£29.95 @ HB 7. 
WELCOME 


ro THE 


It’s b id, ib] hally, that 
s been said, possibly apocryphally, tha UNIVERSE 


every equation in a book halves the 
readership. But I’ve also heard many people 
cry out for a bit more maths in their popular 
astronomy reading: not necessarily university- 
level stuff, but also not shying away from 
showing the working. This is a position that 
Welcome to the Universe tries to fill, 
although that’s not how it’s advertised. 

The origin of the book is a university 
‘non-science major’ course taught by the 
three authors. Since it would be taken by 
students who simply want to ‘dabble’ in 
astronomy, such a course would typically 
contain little or no maths, but 
this title certainly doesn’t 
shy away from equations. 

The book is split into 
three sections, each 
dominated by one of 
the authors, and 
begins with an 
introduction to basic 
physics and the scales 
of the Universe. The 
equations here are 
sometimes presented 
in-line as part of the flow of 
the text, which assumes some 
familiarity with the 
‘language’ of mathematics. 
Don’t get me wrong, this is by no means a 
textbook and the maths is talked through, 
but the equations could be daunting, 
perhaps even off-putting, to readers who 
were not familiar with them. Having said 
that, for those comfortable with high 
school maths the added depth would likely 
add to the content, although a notepad 
might be useful to follow along in places. 


MICHAEL 
A. 
STRAUSS 


pDEGRASSE 
TYSON 


I can’t think of many topics in an 
astrophysics degree that aren’t at least 
touched upon: orbits, the lifecycles of 
stars, stellar spectra, galaxy 
rotation — the list goes on. 
There’s even a brief 
(and somewhat out 
of place) interjection 
about Pluto’s status 
and the search for 
life elsewhere. 
The final third is 
the most challenging, 
covering relativity, 
space-time diagrams 
and black holes. While I 
wouldn't exactly describe it as 
light reading, it is well 


Black holes are among the 


more challenging cosmological written with clear, helpful 
concepts covered 


graphics and glossy 
pictures accompanying the text. This 
book would be ideal for those who want 
a slightly more technical read, though 
it’s a shame it isn’t sold as such. 


kkk 
DR CHRIS NORTH is the Odgen Science 


lecturer and STFC Public Engagement 
Fellow at Cardiff University 
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* Avoid 


TWO MINUTES WITH 
Michael A Strauss 


How much do we know 
about the origins of 
the Universe? 

One of the themes of 

the book is to lay out the 
observational evidence 
that the Universe began in a Big Bang. 

We give a series of clues — from the 

expanding Universe and the measurement 

of stellar ages, to the abundance of the 
elements and the large-scale distribution 

of galaxies — which fit together into a 

coherent picture. However, there are still 

fundamental unanswered questions, 

which we address in the book. 


What other questions do you address? 
The Universe is a big place, so the scope 
of the book is vast. Much of the emphasis 
is how we have learnt what the nature of 
the Universe is: in other words, how do 
we know what we know? The Big Bang 
discussion is one example; another one is 
the evidence for black holes one hundred 
million times more massive than the Sun 
in the centres of big galaxies. 


The book is based on a university 
course — is it still accessible? 

Yes! The course was aimed at non-science 
students. Reflecting that, in the book we 
introduce all the relevant background you 
need to follow the material we present. 


What cosmological puzzle would you 
most like to see solved? 

What is the Universe made of? What is 
its history and future? How did the 
galaxies, the stars, the planets and life 

all form? We have only partial and 
unsatisfying answers to all these questions 
at the moment. 


MICHAEL A STRAUSS is professor of 
astrophysics at Princeton University 


Mistress of 
Science 


John S Croucher and 
Rosalind F Croucher 
Amberley Publishing 
£20 @ HB 


MISTRESS OF 
SCIENCE 


PIONEEAE OW VIGATION 


Google Janet 
Taylor’ and 
you have to 
scroll a long way 
down to find 
any reference 
to this 
extraordinary 
nautical 
instrument 
maker, teacher 
and author. Her Wikipedia entry is little 
more than a paragraph. Yet, as this very 
readable biography shows, hers was a life 
full of drama and human interest. This is 
the story of a pioneering character told 
against a vividly drawn backdrop of the 
relationships between science, the sea and 
commerce in 19th-century Britain. 
The book tells the story of Janet Taylor 
(née Ionn), a teacher’s daughter with a gift 


JOHN-S/GROUCHER & 


ROSALIND PCR 


for mathematics and astronomy, and a 
desire to make navigation better and safer. 
To that end, she set up a school, published 
textbooks, established a business selling 
charts and instruments, and even patented 
her own nautical instrument. Besides 
recovering an important character from 
history, the story is also beautifully and 
sympathetically told. 

There are many passages that will 
resonate with women today, particularly 
references to her inadvertently offending 
senior male figures or breaching unwritten 
rules. There is perhaps more detail on the 
intricacies of the nautical chart trade than 
the average reader might want, but this is 
comfortably balanced with how she dealt 
with such situations. 

This book is very enjoyable to 
read and much needed. As a curator, 

I used to come across her name, but 

only as an anomaly, a lone female voice 
in the male-dominated world of scientific 
instrument makers. This book offers 
welcome context to that story. 


to 


EMILY WINTERBURN is the author 
of The Stargazer’s Guide and The 
Astronomers Royal 


Destination: Space 


Dr Christoph Englert, Tom Clohosy Cole 
Wide Eyed Editions 
£12.99 @ HB 


DESTINATION 
If you were 


to drive the 
distance from 
the Sun to the 
edge of our 
Solar System, 
it would take 


22,000 years. 
Yet light makes the journey in just 
20 minutes! Destination: Space is full 
of such amazing facts that will grab a 
child’s imagination. Beautifully illustrated, 
its colourful layout looks uncluttered yet 
packs a lot of information into small bite 
size nuggets. These cover everything 
from the Big Bang, galaxies, the life 
of stars, black holes, the Solar System 
and space exploration to life on other 
planets. It even manages to touch on 
dark matter, dark energy, space-time 
and quantum mechanics. 

The explanations and illustrations 
combine to put complex ideas 


across clearly, simple and engagingly. 
I particularly liked the representation 
of the electromagnetic spectrum that 
compared each wavelength with the size of 
a football pitch, a butterfly, down to an 
atomic nucleus. At times, however, there 
could have been a little more information. 
The eight planets are given just a single 
page, for example: a page each could have 
allowed more detailed exploration. 
Destination: Space has a lovely retro look 
and is exactly the sort of book I would 
have loved to get my hands on as a child. 
It also includes a large double-sided poster 
with star charts to encourage children 
to start observing the constellations for 
themselves. With Christmas upon us this 
would make the perfect gift to introduce 
the cosmos to the budding astrophysicist, 
astronomer or astronaut in your family. 


kkk 


JENNY WINDER is a science writer, 
astronomer and broadcaster 
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The Stars: 


The Definitive Visual 
Guide To The Cosmos 


Robert Dinwiddie, David 
W Hughes, Geraint Jones, 
Carole Stott, Giles Sparrow 
Dorling Kindersley 

£20 @ HB 


BOOK 
OF THE 
MONTH 


“| The word ‘definitive’ 

' in the subtitle sets 

quite a high 

expectation so this 
is a book that 
needs to deliver 
on its promise. Concentrating mostly 
on non-Solar System objects, this 
lavishly produced volume takes the 
reader on an exquisitely pictorial 
journey through the cosmos starting 
with the Big Bang. 

The enjoyable and readable text is 
heavily augmented by wonderful 
illustrations at each stage including 
charts, tables and three-dimensional 
diagrams to help the reader picture 
exactly what is going on. But it’s not 
just pretty pictures; the images really 
make the text come alive and even 
complex concepts are easily digestible. 

Having described the formation and 
lives of numerous celestial objects, 
the book moves on with a brief 
history of early sky charts from the 
dawn of astronomy to now. The 
celestial sphere and how it relates to 
the star charts that we use today is 
clearly explained and this concept is 
followed by the deconstruction of a 
beautifully crafted celestial globe into 
the 88 constellations that make up 
the entire sky in the form of three- 
dimensional segments. This is an 
unusual approach, but it works very 
well indeed. 

The visual content finishes with a 
brief look at our own Solar System, 
while an excellent glossary and index 
complete the book. Is this the 
definitive visual guide to the cosmos? 
It’s certainly a beautiful and 
comprehensive guide that would 
grace any astronomer’s library. 
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STEVE RICHARDS is BBC Sky at 
Night Magazine's Scope Doctor 
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Gear 


Elizabeth Pearson rounds up the latest astronomical accessories 


1 AWR Pulse Analyser PA2 
Price £59 © Supplier AWR Technology 
01304 365918 © www.awrtech.co.uk 


Great for debugging problems with your 
autoguider, this box tracks the signals between 
your mount and guide camera to make sure 
your setup is working to the best of its ability. 


2 ISS Laser-Etched Sculpture 
Price £39.95 © Supplier Crystal Nebulae 
www.crystalnebulae.co.uk 

This sculpture of the ISS has been laser etched 
into a 6cm cube of crystal glass, ensuring it 
looks great from any angle. 


3 W &W Astro Dew Heaters 
Price From £21 © Supplier W & W Astro 
01795 432702 ¢ www.fltelescopes.co.uk 


Prevent dew from forming on your optics 
with these dew heaters. A variety of sizes 
are available, meaning you can always 
ensure the best fit to your scope. 


A Altair Premium Positive- 
Lock Dielectric Diagonal 
Price £119 © Supplier Altair Astro 

01263 731505 © www.altairastro.com 


This premium diagonal lets you achieve a 
more comfortable viewing position while 
keeping accessories tightly locked in place 
and centred. The heavy duty body will hold 
extra-heavy accessories without flexing. 


5 AstroHutech Camera 
Rotator 
Price £329 © Supplier First Light Optics 


www.irstlightoptics.com 


Rotate your camera or lens to any angle 
around your setup’s optical axis. This rotator 
can be used with a standard tripod and 
any lens less than 110mm in diameter. 


6 Stargazing Notebook 
Price £9.99 © Supplier Pink Cat Shop 
01437 765290 ¢ www.pinkcatshop.com 


Keep a log of your stargazing in this 
stylish notebook. It comes with a simple 
astrolabe and each page has a blank 

sky chart for you to keep accurate records 
of your astronomical endeavours. 
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Northern Ireland’s only dedicated astronomical equipment supplier and advice service. 
Beginners welcome! Most major makes supplied. Free advice given on telescopes, 
observatories and binoculars. New and second-hand equipment available. Trade-ins welcome 


”l ¥ te 


When can I see Mercury? 
What planets can I see tonight? 
When can I see a meteor shower? 
What’ ’s that ‘star’ next to the 

Moon? — 
All the above and much more can 
be siete in the latest edition of the 
popes night sky guide. 
Now with 4 page monthly fold outs! 


NightScenes 2017 
SBN: 978-1-907 


£7.00 (FREE P&P on orders from 


our web shop until Xmas) 


Available from WETHSneS, all good bookshops, amazon. co.uk and 
from the Astrospace web site: www.astrospace.co.uk 


Our HI-LUX coating can be applied to almost any 
reflector, in virtually any condition or no matter how \ 
old. Improves the reflective efficiency of your mirrors. 


Find out more on 
our website: 


or call / email 


40 wom? 


ORION optics ux 


tech enquiries: john@orionoptics.co.uk 


; Telephone 01782 614200 
www.orionoptics.co.uk 


we Truss-tube 
..Dobsonians 


oon 


Made in Nottingham, UK 2s 
dobsonians.co. 


THE UK’S TOP SELLING OBSERVATORIES ! 
An observatory is not just somewhere to store your equipment. 
It should also provide you with protection from wind chill and 
stray light so that you can observe in comfort. 

Only a traditional aperture slit style of observatory can do this. 
That’s why Pulsar 2.2m and 2.7m observatories are the most 


popular choice for casual observers and serious astro imagers. 
We are still the lowest price GRP observatories across Europe! 


Check out our website for drive options and dome accessories. 


Contact us at: sales@pulsar-observatories.com 
Or call: 01366 315006 
Mob: 07725 956071 


2.2m Short Height 
From £2595.00 


2.2m Full Height 
From £3395.00 


2.7m Short Height 
From £3595.00 


2.7m Full Height 
From £4595.00 


‘ Pulsar Observatories 
Www. pulsar-observatories. com 


*'Moon Dust’: ” 


38 JURASSICJEWELLERY 


www.jurassicjewellery.co.uk 


Catch « Q 7a 
- Falling Star 


j geuy Online from N sane Collection of ~< 5 
_\) Meteorite And Fossil Jewellery 


* silver Stor. = 
“Necklace With * 


ma Necn{ace, -- ‘Tron Meteorite * 


NEW DISCOVERY-BLACK LIGHT 


a Get in touch and | will send you a prism, free of 
charge, so you can see the two prisms of coloured 
light around your body. 

& How to bounce your own shadow on to your chest. 
Why is there no black or white in the rainbows? 

« Read how we are all connected to the sun 


Contact details: 
Email: jv.moloney@btinternet.com or 
write to JV Moloney, 8 Mayflower 
Way, Farnham Common, Bucks, 
SL2 3TX 


NASA/JOHNS HOPKINS UNIVERSITY APPLIED PHYSICS LABORATORY/CARNEGIE INSTITUTION OF WASHINGTON 
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WHAT | REALLY WANT TO KNOW IS... 
What produced a mixed-up Mercury? 


Asmaa Boujibar has been recreating conditions on this inner 
' planet to understand how its surface material was formed 
"INTERVIEWED BY PAUL SUTHERLAND 


ASA’s Messenger mission to 
Mercury told us a lot about 
the innermost planet in 


crust of Mercury, is stratified — layered, in other 
words. The thinking was that the melting 
of different materials from separate 


the Solar System. layers would bring different 
Launched in 2004, it took nearly compositions to the surface. 
100,000 photos and also I tried to see if there is 


observed the surface with an 
X-ray spectrometer to 
determine its composition. 

The data collected 
showed that Mercury 
has a complex mix of 
surfaces with various 
compositions, but 
there are two main types. 
One is the relatively 
young northern volcanic 
plains, which are between 
3.7 and 3.8 billion years 
old. Other plains and 
heavily cratered terrains are 
older, and date back between 
four and 4.2 billion years. 

We have found it difficult to 
explain some features in the older 
regions, such as a large spot the size of 


a simpler explanation. 
Mercury’s rotation 
indicates the presence 
of a partially molten 
core, the dynamo of 
which generates a 
magnetic field. So it 
looks like Mercury 
was hot, and is still 
hot, at the core. That 
means there must be a 
lot of heat coming from 
inside. There is no volcanic 
activity on Mercury right 
now, but a recent study 
revealed current tectonic 
activity. The question is therefore 
whether it is possible to have a mantle 
that is very mixed and homogenised, 
just because of early, intense melting that 


Canada that is rich in magnesium. That occurred deep inside Mercury. 

is a huge area, about 10 million km’, for This image of Mercury's My team’s laboratory tests used a powdered 
such a small world. To help understand the north pole shows its chemical mix similar to the materials on Mercury. 
evolution of this surface, my team at NASA's varying terrain, from We subjected this to high temperatures and 


flat volcanic plains to 


Johnson Space Center in Houston carried out : 
heavily cratered plateaus 


laboratory experiments to try to model what 


pressures up to 50,000 times the atmospheric 
pressure on Earth — for a frame of reference, 


has happened in Mercury’s history. that’s sufficient to form diamonds. 

. We found that by varying the pressure and 
Mystery materials temperature on just one type of composition, 
Though Mercury is a rocky planet like Venus, we could produce the variety of material found 
Earth and Mars, and also superficially resembles on Mercury’s surface. This indicated that the 
the Moon, it is quite different from its neighbours. older terrains on the surface are formed by 
For one thing, it has a very large core but a melting at high pressures up to the boundary 
shallow crust. It also has a great amount of reduced between the core and mantle, at a depth of 
material — meaning it is oxygen deficient — similar ABOUT ASMAA perhaps 350km. It is not easy to bring magma 
to that found in ancient meteorites that date BOUJIBAR from so deep, so impacts by asteroids may have 
from the beginning of the Solar System. It has Dr Asmaa Boujibar has helped here. Younger terrains on Mercury were 
a lot of sulphur and very low amounts of iron what is a literally a probably formed closer to the surface. 


high-pressure job at 


oxide. Studying Mercury’s composition should 
NASA's Johnson Space 


help us learn more about the origin of the planets. ; 2015. But in 2018, Europe and Japan will launch 
: . _ ; Center in Houston, where i i . 
The differing compositions of surface materials chesimulates extreme a new mission to Mercury, BepiColombo, which 
has previously led other scientists to think that planetary conditions. will arrive in 2024 and increase our knowledge 
the mantle, the zone between the core and surface of this fascinating world. @ 


Messenger was deliberately crashed in April 
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‘Telescope House 
lelescope Specialists Since 1785 4 


Dobsonians are the 
best value visual telescopes 
* available - visit our Showroom 
to see a large range 
of these telescopes 


(7 WiFi 
ra] 


Telescope House 
are TeleVue Star 
Dealers. We always 
have a full range 

of their Plossl, 
Panoptic, Delite 
Delos & Ethos 

| | eyepieces on 
wi i display & ready to 

| test at our 
Starborough showroom 


TeleVue 


The ultimate in 
high quality 
ultra-portable refractors. The 
performance of this scope belies 

its size. Test it out at our showroom 


Telescope House stock the 
largest range of Lunt H-Alpha 
Solar telescopes in the UK. 
We actively encourage you 
P Excellent to vist our Starborough Farm 
pressure-tuned Showroom to test out these 
portable Solar Scope —_ remarkable instruments 

- weather permitting! 


85 - Now. £4092 


through : Dual Solar 
teleopes & Astro 

and binoculars Newtonian 
with the Bresser ' cf — a ' 
Universal Smartphone Adapter JUST L55: 


ROLF LOHR/CCDGUIDE.COM 


The Southern Hemisphere in December 


With Glenn Dawes 


WHEN TO USE 


1 DEC AT 00:00 UT 
15 DEC AT 23:00 UT 
31 DEC AT 22:00 UT 


i STARS AND CONSTELLATIONS 


DECEMBER HIGHLIGHTS 


Distinctive Venus is low in the western : 

evening sky. The closest bright ‘star’ 
is actually Mars, 18° to the upper right 
mid month. During December Mars moves 
towards mag. +7.8 Neptune, which is 2.5° 
southwest of mag. +3.7 Lambda (A) Aquarii. 
On the 25th, the two planets will appear 5° 
apart and visible in the same binocular field. 
The 31st will see the gap reduced to 0.6°, 
visible in the field of a low power scope setup. 
The following night sees the closest approach 
of only 0.1°—a brilliant conjunction. 


THE PLANETS 
Mercury is visible for the first half of 
© 7 


December low in the western evening 
twilight, then drops into the solar glare. Venus 
and Mars set around 22:00 EST and 23:00 EST 


respectively mid month. Neptune follows 
closely on the Red Planet’s heels. Uranus 


DEEP-SKY OBJECTS 


This month we have a real gem in 

Taurus, the Hyades star cluster 
(RA 4h 26.9m, dec. +15° 52? pictured). 
Only binoculars are needed to 
see this group at its best. The 
most brilliant members form 
the naked-eye, V-shaped face 
of the bull. Approximately 6° 
in diameter, the cluster fills 
the field of low power 
binoculars with over 100 stars. 
Mostly hot blue in colour, four of 
the brightest members, Epsilon (¢), 


CHART KEY 


DIFFUSE 
NEBULOSITY 


OPEN CLUSTER 


GLOBULAR 
CLUSTER 


PLANETARY 
NEBULA 


@ DOUBLE STAR 


2 
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O VARIABLE STAR 


COMET TRACK 


THIS CHART 


The chart accurately matches the sky on the 
dates and times shown. The sky is different at 
other times as stars crossing it set four minutes 
earlier each night. We've drawn the chart for 
latitude -35° south. 


Orion is in the northeast evening sky, 
its two brightest stars being mag. +0.2 


Rigel (Beta (8) Orionis) and mag. +0.5 
Betelgeuse (Alpha (a) Orionis). They are of 
i comparable brightness and both extremely 
: luminous supergiants, but that’s where the 
: similarity ends. Hot blue-white Rigel has a 
surface temperature of 11,000°C and is 

70 times the size of the Sun. On the other 

i hand, Betelgeuse is a cool red star at only 
3,000°C, but one of the largest stars 

: known, 650 times size of the Sun. 


transits during twilight, departing around 
01:00 EST mid month. In the morning sky, 
Jupiter appears low in the east around 
02:00 EST mid month. Saturn returns to 
the morning late in December, but will be 
immersed in the dawn glow until January. 


Delta! (5'), Gamma (y) and Theta! (6!) 
Tauri are noticeably yellow. In particular, 
mag. +3.8 Theta! contrasts well with 
its white companion star mag. 
+3.4 Theta? (67), six arcminutes 
south. Another striking double 
is Sigma! (o') and Sigma? (0°), 
both white and nearly matching 
5th-magnitude stars, 
8 arcminutes apart. Interestingly, 
orange mag. +0.9 Aldebaran (the 
Bull’s right eye) is not a member of the 
cluster, but in the foreground. 
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+ .  gynscan™ AZ Golo 
( — 
ny al at Chet er Computerised Telescopes 


The exciting new Sky-Watcher SynScan™ Alt-Azimuth GoTo Mount is a Precision Engineered Instrument that will allow you to Easily Find 
and enjoy viewing Night Sky Treasures, such as Planets, Nebulae, Star Clusters, Galaxies and much more. The SynScan™ AZ hand control 
allows you point your telescope at a specific object, or even Tour the Night Sky at the touch of a button!! The User-Friendly menu system allows 
automatic slewing to over 42,900+ objects. Even an inexperienced astronomer can master its variety of features in a few observing sessions. 

Combined with telescope OTA’s of proven High mally, these Superb Eackencs are all you need to Explore the Universe to your Heart’s Content!! 


-130P SynScan™ AZ GoTo 130MM (5.1") F/650 COMPUTERISED 
PARABOLIC NEWTONIAN REFLECTOR (left) Fantastic performance from this highly capable 
all-rounder. Its precision Parabolic primary mirror captures 30% more precious starlight 
than a 114mm reflector for bright, sharp, contrasty views of a wide range of night sky 
objects. Supplied with 10mm & 25mm Eyepieces and 6x30 Finderscope 


“Its sharp optics ensure that it delivers bright, diffraction-limited images... 
In short a great all-rounder in its class” Ade Ashford, www.scopetest.com 


(-127 Sj ™ AZ GoTo 127MM (5") F/1500 COMPUTERISED 


MAKSUTOV- CASSEGRAIN (right) A larger version of the Skymax-102 providing a massive 55% more light- 
gathering power and packing an even more powerful punch than its smaller cousin for medium-to-high- 
power work. Supplied with 10mm & 25mm Eyepieces, 90° Star Diagonal and 6x30 Finderscope. 


Prod.Code: 10211 
SRP 


Prod.Code: 10209 


SRP 
£399 


“This is one of the jewels in the Sky-Watcher crown. Its large enough to produce richly 
detailed, high-contrast, Lunar & Planetary images” Ade Ashford, www.scopetest.com 


“The new SynScan AZ GoTo offers the key features, upgradeable feature set and ease of use of Sky-Watcher’s more 
expensive equatorial GoTo mounts, in a sturdy, single-arm fork package weighing less than 4.5Kg (incl. Tripod) that 
has impressive targeting accuracy. Quieter in operation than the competing Celestron SLT and equally capable of 

external computer control, the SynScan AZ is ideally suited to sub-5Kg grab-and-go instruments with a standard 
Sky-Watcher/Vixen dovetail bar fitting. Highly Recommended!!” Astronomy Now Magazine 


STARTRAVEL-1 syns M AZ GoTo 102MM (4") F/500 
COMPUTERISED REFRACTOR (below) Ideal multi-coated instrument for the wide-field 
observation of Deep-Sky objects, such as Nebulae, Star Fields & Clusters and galaxies. 
A useful telescope for astrophotography and also for daytime terrestrial use. Supplied 
with 10mm & 20mm Eyepieces, 45° Erect Image Diagonal and 6x30 Finder 


“A compact and versatile photo-visual refractor equally at home delivering widefield 
deep-sky views or exploring terrestrial vistas." Ade Ashford, www.scopetest.com 


Prod.Code: 10207 102MM (4") F/1300 COMPUTERISED 
MAKSUTOV-CASSEGRAIN (right 
This compact telescope, with it’s high-resolution 
multi-coated optical system, excels at 
medium-to-high-powers for the examination 
of the surface detail of the Moon, planets 
and also for double-star observations. 
Also useful for terrestrial use. Supplied 
Sou with 10mm & 25mm Eyepieces, 90° Star 
Diagonal and 6x30 Finderscope 


Z GoTo 114MM (4.5") F/500 
COMPUTERISED PARABOLIC 
NEWTONIAN REFLECTOR (left) 

This telescope with its superb parabolic 
optics provides excellent all-round 
performance for both the observation of 
the Moon & Planets and Deep-Sky 
objects. Supplied with 10mm & 25mm 
Eyepieces and 6x24 Finderscope. 


Prod.Code: 10208 i) SKYH 


“Delivers high-contrast, pin-sharp 

views one has become accustomed 
to with Sky-Watcher Maksutovs.” 

Astronomy Now Magazine 


“The optics were so good...Captures 

star clusters and brighter nebulae 
beautifully under dark skies.” 

BBC Sky At Night Magazine 


é ealures: © SynScan™ Database: Total 42,900+ Objects, including Complete M, NGC, IC & SAO Catalogues Alignment Method: Two-star or Brightest star. alignment 
° Pointing Accuracy Enhancement (PAE) feature ¢ Unknown Object Indentification feature © Pointing Accuracy up to 10 arcmin © Tracking Mode: Dual Axis Tracking 

¢ Tracking Rates: Sidereal, Lunar, Solar © Slewing Speeds: 1.0x, 2.0x, 16x, 32x, 64x, 128x, 400x, 500x, 600x, 800x * Quiet Operation 

e Motor Type & Resolution: DC Servo Motors. Resolution 0.8923 arc sec or 1,452,425 steps/rev PC Compatible: can be used with popular Planetarium Software 

e SynScan Handset Firmware upgradeable via the Internet © Power Requirement: 12v DC Power Supply (Tip Positive) or AA Batteries (not supplied) 


re Endors Ky-Watcl SKY-WATCHER POWER TANKS These portable 
“| have used a great number — tt whe 12v recreate power supplies are highly 
of telescopes; some are good, 716 nage Cala aalngie recommended for use with all SynScan™ mounts. 


ri 


1 some mediocre and some 


rang ol Instruments avery |. __ COMPREHENSIVE COLOUR CATALOGUE with Full Details of our 


good indeed, & suited to EXTENSIVE PRODUCT RANGE as well as Helpful Information & Advice 


amateurs of all kinds — and | 
they are not priced out of the Order Your FREE Copy Today 
market! Excellent value. : 


Use them and enjoy them.” ; “AM: 01359 244955 
Sir Patrick Moore CBE FRS ae sepia at Barty 7Ah Power Tank 17Ah Power Tank 


(1923-2012) EMAIL: info@opticalvision.co.uk Product Code: 20153 Product Code: 20154 


Our Products are Available from Dealers throughout the UK ove Please contact us, or Check our Website for your Nearest Stockist. 


OPTICAL VISION LTD OPTICAL VISION LIMITED Importers and Distributors of Sky-Watcher 


UNIT 3, WOOLPIT BUSINESS PARK : Pee Astronomical Telescopes, Helios, Acuter, 
www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 


www.barrandstroud.com and ‘Zenith’ Microscopes. 


WOOLPIT, BURY ST. EDMUNDS 
SUFFOLK IP30 9UP 


